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PREFACE.

Tais edition has been so far revised as to substitute for the old formmulas
for minerals, those based upon the atomic weights of the elements adopted
by the so-called new chemistry. The formulas for the most part have been
taken from Rammelsberg’s Mineralchemie (Leipzig, 1875), and are made
to correspond as far as possible with those given in Dr. E. 8. Duna’s Text-
Book of Mineralogy (John Wiley & Sons, New York, 1877).

It should be stated here that as the main object of this book is the iavn-
tification of mineral species by a method largely based on the blowpipe
characters of their elemental constituents, this point has been kept in view
in writing their formulas. Instead of giving a symbol for a group of ele-
ments, as is usnal in mineralogical treatises, it has been necessary to give .
the elements in full, and in some instances, for want of space, a simple list
of the constituents is substituted for the formulas. This has also been done
in the case of minerals where no satisfactory formulas have been deduced.

It has not been thought advisable to alter the old common names used
for reagents and compounds, since the book is intended not only for studenta
in colleges and schools, but for all the different classes of persons who sre
interested in the stndy of minerals.

A few changes and additions in the text of the tables are made, which,
it is trusted, will facilitate the work of the student. My acknowledgmontg
are again due to Mr. George W. Hawes for his co-operation in making these
changes.

NeEw HAVEN, May 1, 1878.

¥ NoTE.—Among the numerous blowpipe reactions which have been proposed since this
treatise was written, the following have been found very serviceable, and worthy of gr:neral
use. Professor E. Haamel, of Victoria University, Cobourg, Ontario, has proposed a ready
means for distinguishing the volatile metals by converting them into iodides, which give
characteristic coatings on charcoal. His method is to moisten the metal, or the oxide coating
on coal, with hydriedic acid, this reagent being made by digesting iodine in water and pass-
ing sulphuretted hydrogen through the fluid until a clear solution is obtained.

For antimony the coat is of a brilliant red, for cadmium it is white, for bismuth reddish-
brown, for lead yellowish-green. The high colors of some of thesc iodides renders the test
very delicate, and the detection of one metal in the presence of another is often possible on
account of the difference in their volatility.

Mr. V. Goldschmidt has pointed out that if pulverized sulphide of bismuth, made by fusing
metallic hismuath with sulphur, is fused in an open glass tube with a compound of iodine, a
red coat of bismuth iodide is deposited upon the walls of the tube. A compound of bromine
similarly treated deposits a yellow coat, and a compound of chlorine a whitc coat. With
precaution the elements can be recognized in presence of one another, These reactions are
particularly applicable in testing the haloid salts of silver.






PREFACHE.

TaE material in this compilation was, for the greater part, prepared
almost twenty years since, by Pref. S. W. Johnson and myself as a text-
book for the students in our laboratory. Circumstances prevented its
publication at that time, but it hae served as the basis of a course of
lectures and practical exercises anunually given in the Sheflield Laboratory.

The plan of instruction has been to have -the student work through a
oourse of Qualitative Blowpipe Analysis as introductory to Determinative
Mineralogy. For the latter subject we have employed von KoskLLs
Tafeln Zur Bestimmung der Mineralien, many of the students taking
the work in the original, while others made use of either Erni’s or Elder-
horst’s translations. These “Tables” were translated by Prof. Johnson
and myself while we were students of Prof. von Kobell in 1853-4, at
Munich, and it was after our suggestion, in 1860, to Prof. Elderhorst,
that he introduced von Kobell’s * Tables” into the second edition of his
“ Manual,” although he did not avail himself of our translation, which was
then offered to him for that purpose.

The “Tables” as now presented are based on the tenth German edition
of von Kobell's book. Additions of new species have been made, and in
many cases fuller details are given in regard to old specics, and the wheole
material has been thrown into an entirely new shape, which it is believed
will greatly facilitate the work of the student. The preparation of the
Tables in this form, the idea of which was suggested to me by Prof. W.
T. Rorrrer, has been performed, under my supervision, by my assistant
Mr. Groree W. Hawes, who has also aided e greatly in revising the rest
of the work, and in the reading of the proof-sheets.

The main authorities used in the original preparation and later revision
of the chapters on Blowpipe Analysis were the works of Brrzerivs and
Prarryer.  The third and fourth editions of Plattner, the latter edited by
Prof. Ricnrer, have been chiefly consulted. The complete work of
Plattner, with still later additions by Prof. Richter, has been made acces-
sible to English reading students through an excellent translation by Prof.
H. B. CorxwaLr, and this cannot be too highly commended to those whe
desire to become fully acquainted with this important subject.
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s the works of von Kobell, free use

MANN and Dana, especially of the*

myself to the latter work. Phis

zinal plan of Professor Dana and
myself, the Determinative Part of ‘his System of Mineralogy. It is pro-
posed at some future time to add to the volume methods for the deter-
mination of minerals by their physical characters.

In conclusion, I take great pleasure in acknowledging my indebtedness
to my colleague, Prof. S. W. Jonnson, who has not only gener usly given
me his share in the original work, but has constantly aided we by his
advice in the revision here presented.

BUEFFIELD LABORATORY OF YALE COLLEGE,
NEw HAvViN, December 15, 1874.



TABLE OF CONTENTS.

CHAPTER 1.

APPARATUS AND REAGENTS....... covcveeenvennnnnnnns eeenaas s

The mouth blowpipe............ crecesnriraracerees gorsceccenircasens seens

BloWing. ....ccceccetcicesiansssscsarsasacsne teiteeeieensareaeracassaaanne
Fuel, lamps............. ceccons eee s et e eseecateranttorenastrttonsanetrnenne

The blowpipe flame.........¢.cciiiineiiineeecnnannn e iieiiiiet e, .

Blowpipe reagents..........0c00e0n.0n feeeseseriaasea eitceesetincsennnnn ..
Wet reagents............. ereetseesiaecserrrtetsese sesesesnesseses ce e

CHAPTER II

BYSTEMATIC COURSE OF QUALITATIVE BLOWPII: \NALYQIS ............

Heating in the closed tube..............couvvnnnnns. Ce t ereein ceeeee
Heating in the open tube...........c.cociiiiiiiii i Rl ceenne, Cereeeaans

Fusion with salt of phosphorus................ccoeune. eeecearnaarentaonaase
Treatment with soda.........ccivieiinniiiiniiieiaiianne tenennsrecnancnns
Formation of & hepar.........oiciieiiiiiiiniinrienceareiosinasssascasesons
Reduction of metallic oxides........ .c..viiieiiiiiiiiiieiritieeiieiiiaenns

CHAPTER IIL

ALPHABETICAL LIST OF ELEMENTS AND COMPOUNDS WITH CHARAC-

TERISTIC BLOWPIPE AND OTHER REACTIONS.,.......c.c... eeeevanse
Alumina, Ammonia, ADHIMOBY. . .00 veiivineeinerieeeerroreronnsccsncsonsens
ArBeNIC.. ..t ittet ittt it ittt ettt et aetenertaaanne
Baryta, Bismuth, Boric Acid..... S PP

Bromine, Cadmium, Cosif, ... seeccvvieeeinncasssssscesncossossanncsncensan

bd
H
[}

WO WDCT o Ot

-

3R R



a NTENTS.

(]

raos
romium. ..., eeerserienaionns censs 497

....... 48
, Indium....... tecenenaans veeerene e 49
................................. 50
Lime, Lithia, Magnesis, Manganese, Mercury, Molybdenum......... eieee ee e 51
Nickel, Nitrates, Osmium, Oxygen, Palladium, Phosphates. ............. cereene 52
Platinum, Potassa, Rhodium, Rubidia, Ruthenium, Selenium, 8ilica............ 43
ilver, Soda, Strontia, Sulphur, Sulphuric Acid........cvveveererreenaronns vee 54
Tantalam, Tellurium, Terbia, Thallinm, Thoria, Tin, Tltamnm eriaeenee eeee b5
Tungsten, Uranium, Vanadium, Water, Yttria, Zinc Zirconia,.....ov0ueeveeenas 58

CHAPTER 1V.

DETERMINATIVE MINERALOGY............ [ teeesieenaneaanns ceeenns 57
ANTRODUCTION TO TABLES..... ateesesecsesensnncaasasnaesssansessssasatunoas 57
7T 4 Y 58
Scale of fusibility.....cocoiiiiiniiiiiieie i iiiiieietertierierieiiatieneas 58
Scale of hardness ............... eeeen teeeeeeaanne teeereceenereiietrraanis 59
Color, streak, specific gravity................ teetanieereatnane et eeeeceneaes 59
Testing for water..... f s mesaesanetnaneasnaracearaseacenssnntnssonneaniananas 60
Decomposition by 8¢id8. ... ..cuviierieinieianieniaeritetenreaeriensocnnranas 60
Gelatinization......... Cetetiieieanettaanraneeas e treeetareeaenne aeanean (111]
PyTo-electricity. .. vttt i i i i i i cr e i, R . 60
Tlustrative examples of method for determination of minerals. . ................ 60
Tist of minerals for blowpipe determination.. ....o.vvvieeiininrrennnrireneenns (1P]
ANALYTICAL TABLE, SHOWING GENERAL CLASSIFICATION OF MINERALS. . ........ 63
Listof abbreviations. .........ciiiiiiiiiii i i e it 63
TABLES FOR TIE DETERMINATION OF MINERALS. .. «.u0vuvvunennernennsnennenns 64-00
Winerals with metallic lustre. .. .........c.ciivietivn tieiennrnnnenenrnaenen. 64-71
Minerals without metallic lustre.........ooovvieiivn cevenennnnns etterneias T2-9¢

2UGUX 60 MIDETAIS, s tovivirrenerroarescasnsanes o0 sosseas oisssosanne N



BLOWPIPE ANALYSIS.

Chapter 1.

APPARATUS AND REAGENTS,

THE MOUTH BLOWPIPE.

L Tais little instrument, for centuries employed only by artisans in soldering,
and other operations requiring an intense heat, has more recently become an in-
valuable means of scientific research.*

It is now of the greatest service to the chemist and mineralogist, not only for
the recognition of minerals, and the detection of their ingredients, but even for the
guantitative separation of several metals from their ores.}

The blowpipe serves chiefly for ascertaining the general nature of a body, by
revealing some one or more of its ingredients; more rarely it helps to detect all
the constituents of a very complex compound, although in but few cases is it pos-
sible by its use alone to decide that besides the substances found in a body, no
others are present.

The blowpipe enables us in a ‘moment, with no other fuel than that furnished by
a common lamp or candle, to produce & most intense heat. In the blowpipe flame
not only are most refractory bodies (platinum) melted or volatilized, but the most
opposite chemical effects (oxidation and reduction) may be produced. Almnost all
mineral substances may be made to manifest some characteristic phenomena under
its influence, either alone or in presence of certain other substances (reagents),
and their nature may be thus surely and easily detected.

2. The Common Blowpipe (Fig. 3) is a conical curved tube of hrass, ter-
minating in an orifice as large as a small needle. This simple instrument, when
well constructed, answers most ordinary purposes. If used a long time without
interruption, the moisture of the breath gathers in drops in the narrow part of
the tube, and is finally projected into the flame.

8. In the Chemical Blowpipe a chamber is fixed near the extremity of the
instrument which collects the condensed moisture. The most usual form of this

* For a brief history of the use of the blowpipe, see Berzelius' work, translated by J. D.
Whitney, Boston. 1845. A more complete history is found in Kopp's Gesclichte der Clemie,
II. 44. Braunschweig, 1844,

+ For Plattner's methods of assaying gold, silver, copper, lead, bismuth, tin, cobalt, nickel,
and iron ores, with the help of the blowpipe, see his work cited in the preface.

1



BLOWYIIPE,

n which A represents the condenser. Tc

onnected with the tbes by the ground

iwrnished with
I . . , t dimensions,
is shown at D  This admits of ready cleaning without
injury in case of stoppage. Berzelius recommends it
to be made from solid platinum, as it then may be
casily freed from the soot which is apt to collect upon
it, by igniting it in the flame of a spirit lamp, where-
by the impurities are burned away. Platinum jets
made of foil are too thin at the point, and are thus lia-
ble to be easily damaged.

Brass jets are very durable and inexpensive, and
may be cleaned, not indeed by heating, but by means
of & sharpened splinter of soft wood, which should be
introduced for that purpose at the larger end of the jet.

The internal form of the jet is not unimportant. The
best shape is that of the scction seen in the figure; it
is such that the flame produced in using it is always
well defined and conical, even when the blast is strong-
est. The jets of the blow-pipe found at the instrument-
makers’ usually need enlarging at the orifice. This is
conveniently done with the help of a slender three-
edged drill, which may be readily made by grinding
down the sides of a large needle.

4. The instrument as shown in Fig. 1, without the
trumpet mouthpiece, is of the original form proposed
by Gahn, and employed by Berzelius. The beginner
is liable to be fatigued in using it, as it requires con-
siderable effort to keep the lips closed about the cylin-
drical tube for a long time. Plattner vecommends the
mouthpiece shown in the figure. It is made of horn
or ivory, thirty-five millimetres in its outer diameter,
and particular care must be taken that it has the proper
curvature, so that in placing it against the lips it may
not give an unnecessary or unequal pressure.

A very good mouthpiece may be made from a piece
of glass tube, two inches long, and of just such diam-
eter as fits the blowpipe tube. I¢ is strongly and uni-
formly heatdd for half its length in the flame of a lawp,
and when quite soft is flattened between two smooth metallic surfaces, to
give it the form shown in Fig. 2. The other end is cemented into the
blowpipe by means of a little sealing wax. This kind of mouthpiece is
free from the disagreeable taste of the brass, and when inserteq between
the lips it displaces them but slightly from their customary position, and
causes them very little fatigue.

5. The blowpipe is usually made of brass, or preferably of German
silver, The length of the instrument should be measured by the visual
distance of the operator; from seven to nine inches is the ordinary length.

6. In Figs. 3 and 4 is shown how a common blowpipe may be mate-
rially improved with but little trouble. A blowpipe being selected that
gives a good flame, it is c1t in two so that the wider part of the tube has
a length equal to tho visual distance of the operator. The narrow tube is then

Fig. 1.

Fig. 2.



_ BLOWING. 3
reversed, and tightly fitted into the wider end of the means of a
perforated cork, thus forming a reservoir for moisture, the figure,

7. Bunren’s gas blowpipe, in which illuminating gas issues from a tubular
burner which surrounds the jet of the blowpipe, is sometimes convenient for
waboratory use,

BLOWING.

8. In blowpipe operations it is often necessary to maintain an uninterrupted
stream of air for several successive minutes. To be able to do this easily, requires
some practice. It is best learned by fully distending the cheeks and breathing
slowly through the nose for a time. When one is accustomed to keeping the

S

rig. & g 4 Fg. 5.

cheeks inflated, the mouthpiece of the blowpipe may be inserted between the lips,
and the same thing repeated without attempting %0 blow or do more than keep
the mouch full. Since the air now escapes through the blowpipe, the checks
gradually fall together and must be again distended, yet without interrupting the
outward current. This is accomplished by shutting off the communication be-
tween the mouth and the lungs by the palate, and inhaling through the nose.
From the lungs thus filled the mouth is from time to time supplied, yet without
any effort on the part of the muscles of the breast. A few hours’ practice generally
suffices to acquire the art of blowing. Beginners should keep in mind that the
stream of air requires scarcely more force to produce it than results from the
natural tendency of the inflated cheeks to collapse.
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LOWPIPE I.AMPS AND FUEL.

The lips shou.‘ closed too firmly about the mouthpiece, else they are
speedily fatigned. To the experienced operator continuous blowing is hardly an
effort. *

THE FUEL.

9. When more convenient material is not at hand, stearine candles of good
quality will answer for most purposes. Paraffine candles give a higher heat, but
they soften in warm weather, and melt, and run down inconveniently. The
common tallow candle may often suffice in an emergency, but requires constant

snuffing.

Fig. 6. () sipe.) Pig. 1. (X size.)

10. A better fuel is olive or rape-seed oil burned in a lamp having a single cir-
cular wick rather more than a quarter of an inch in diameter, if the wick tube
and lamp be so arranged that the charcoal and other supports used in blowpipe ex-
periments can be brought close under the deflected flame. Fig. 5 represents the
form of the blowpipe lamp propesed by Berzelius, and improved by Plattner. It
is adapted for a portable blowpipe apparatus, since it is free from leakage, and
capable of packing into a small space. The cistern A is of tinned sheet icon, and
the wick tube and filling orifice are closed by screw caps.

11. The most convenient combustible is illuminating gus. A burner of the form
given in Fig. 6 is used. It is about four inches high ; the tube is flattened at the
top and made a trifle lower on the left side, so that the blowpipe flamne may be
turned downward when necessary. A cock in the tube at the foot is useful. Such
& lamp has the advantage of dispensing with all trimming and other inconvenien-
ces attendant on the use of an oil lamp. The ordinary Bunsen gas-burner (Fig.
7) is often provided with an extra tube to slip over the small gas jet in the in-

* Luca has described a blowpipe intended to maintain a steady stream of air with inter-s
mittent blowing, but this and other contrivances are unnecessary when the student has suf-
fAcient enterprise and patience to learn to blow the ordinary instruments, and no others wil
be likely to make much progress in blowpipe analysis.
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terior of the burner, in such a manner as to shut off the access of the air; the gas
is then burned from the upper end, which is shaped as in the figure. The only
objection to this lamp is, it is a little too high, although it may answer for all or-

purposes.

A simpler blowpipe gas lamp may be easily made by selecting an iron or brass
tube, eight inches in length, and three-eighths of an inch in bore, bending it at a
right angle at the middle, and passing it througk a block, properly cut, or placing
it in & mould, which is then filled with melted lead. The top of the tube is then
flattened, and the proper inclination given to the orifice by filing, Fig. 8 shows a
lamp thus constructed.

THE BLOWPIPE FLAME.

12. When an ordinary lamp or candle is lighted, the combustion takes place
only upon the outer limits of the flame, but if a stream of air is blown into the
flame the combustion is transferred to the :
interior, is thus rendered more complete, and
the flame is condensed. It is to these causes
that the very intense heat of the blowpipe
flame is due.

When the beginner is able to maintain a
steady blast for some minutes together, he
may attempt the production and management
of the blowpipe flame. The operator being
essily seated at the table, his arm resting
upon its edge, the blowpipe is lightly grasped
near the water chamber, between the thumb
and first and second fingers of the right hand,
and its jet brought to the edge of the flame,
just above the wick or tube. The blowing
should be regulated so as to produce a steady
flame, which will be regular and conical if
the jet be well shaped.

In Fig. 9 a common candle flame is repre-
sented, in which a light-blue segment, bound-
ed by the line a ¢, and disappearing as the
flarae ascends, is seen at the base. The dark core of the flame f is surrounded by
the illuminating portion @ b ¢, and the thin, scarcely visible envelo, e @ ¢ ¢ forms
the outer coat of the flame.

13. Reducing Flame. While the candle is burning the stearine is slowly
melted, sucked up by the wick, and vaporized. These vapors unite with the oxygen
of the air and burn, upon the outer limits of the flame forming the hot coat a ¢ ¢
of carbonic acid and vapor of water. As the oxygen reaches no farther into the
flawe than the line a b ¢, the vapors inside this line are intensely heated out of the
contact of the air, and any metallic oxide introduced into this yellow segment will,
when hot, tend to part with its oxygen to the carbon and hydrocarbons of the
fiame. This is called the Reducing Flame (R. F.). To produce it with the blow-
pipe, the whole of the flame is deflected by a gentle blast, so regulated that it main-
tains its yellow color, and is luminous as before. The blowpipe is placed outside
the flame, as shown in Fig, 10. The flame must not deposit soot wpon the sub-
stance under trial, and only the extremity of the luminous part should be applied
10 as to envelop the assay.

Fig. 8. ()¢ size.)



6 SUPPORTS.

14. Oxidizing Flame (Fig. 11). When the jet is carried somewhnt into
the flame, and the blast is a little stronger, the carbon is more completely con-
sumed ; the inner blue cone, corresponding to the part a ¢ of the candle flame,
becomes sharply defined, and is surrounded by a uearly colorless envelope, corre-
sponding to the mantle & ¢ ¢, at the extremity of which metals may be intensely

Fig. 9. Fig. 10. Fig. 11,

heated in contact with air, and will thus be rapidly oxidized. This is called the
Oxidizing Flame (0. F.). The assay should be held as far beyond the blue
point of the flame as is consistent with the temperature requisite for the most
rapid oxidation, and the flame should be so managed that no luminous streaks
are seen in it. A flat wick seérves best for its production. The heat is most
intense at the point of the blue cone, and this is accordingly used for testing
the fusibility of minerals and other substances, without reference to chemical
action.

SUPPORTS.

In blowpipe examinations the assay is supported by certain substances which
are either infusible, or have the power of sustaining a high heat without changing
their form. .

15. Charcoal is used in many operations as a support for the assay. For
most purposes any piece of well-burned charcoal that does not snap or become
fissured in the flame will suffice. The softer kinds of wood yield the most suitable
material. That made from bass-wood (linden) is the best; pine and willow char-
coal arv also excollent. For use it is conveniently sawn into parallelopipedons,
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with faces one or two inches in width, and three to six inches in length, The
assay is beat placed on the flat, smooth surface, at right angles to the rings of
growth. It can be repeatedly used, the clean surface being renewed by scraping
with a knife or file.

16. Cavities for the reception of the substance to be heated on charcoal may
be made with the point of a knife. For some purposes, cavities may be made
more nicely by means of a tube of stout tin plate, the edges of which are sharpened.
The tube is made conical, has a length of three inches, its dinmeter at one end is
three-eighths, at the other five-eighths, of an inch. The end of this is applied to the
surface of the coal at a considerable inclination, aad the tube is revolved with a
scooping motion. The excavation should be mado near the edge of the charcoal,
should be cup-shaped, rather shallow, quite smootl, and vegular.

17. Platinum Wire is used for supporting beads of fused borax or other flux
in the flame. The kind designated as No. 27 (or jeweller’s hole 12%), is the
best. It is cut into pieces three inches long, and a loop made in the end. When
not in use the hooked ends should be plunged into a little bottle containing dilute
sulphuric acid, which dissolves away the matters that have been fused on them.
Before use they should be rinsed with water and thoroughly cleaned.

18. Platinum Spoon. For a few operations a small platinum spoon of the
form shown in Fig. 12, may be usefully employed. A cork or wooden Landle
should be adapted to it. A rectangular slip of platinum foil, which is used also for
other purposes, may be made to answer for the spoon by bending up its cornera
and holding it in the platinum forceps.

&

Fig. 12. () size))

19. Platinum Forceps. For igniting fragments of minerals, forceps tipped
with platinum are indispensable. Fig. 13 represents the usual form. They are
made of steel or German silver. The points are opened by pressure. The free
ends may be used as an ordinary forceps for picking up small fragments of
minerals, etc.; or if of steel, for detachiug pieces of specimens. Fig. 14 shows a

simpler form of this instrument, which any jeweller can easily construct. A piece
of highly elastic brass wire, No. 12, is the best material for the tongs. The plati-
num !ips @ are readily hammered out from a piece of stout wire or cut from a
plate, and are riveted or, better, soldered to the brass wire with silve= solder.
The bend at b is intended to prevent the points from touching the tablo  The for-
ceps must be slender in order not to conduct away too much heat from the assay.
20. Glass Tubes. Tubes of hard glass, free from lead, {5 te } inch in di-
ameter, and four to six inches long, are indispensable. They serve for the ignition



] APPARATUS.

of bodies in a current of air, the rapidity of which may be regulated by varying
the inclination of the tube. ~Tho substance under trial i3 placed in the tube about

Fig. 15.

an inch from the end, the tube is then held nearly horizontally, either in the flame
of the lamp or of the blowpipe. The falling out of the body may be hindered by
bending the tube slightly one inch from one end. The body is then placed at the
bend as shown in Fig. 15, and the proper inclination given to the tube; but for
most uses straight tubes are quite as good. For each new operation a clean tube
must be employed. The tube usually cracks when used a second time, and should
therefore be cut off at the place where a body has been ignited. Tubes are most
easily cleaned by wiping them out with a slip of soft paper rolled around some
slender cylinder having a rough surface to hold the paper. A small 1at-tail file is
oxcellent for this use.

~ 2L Closed Tubes and Glass Bulb Tubes (matrasses; Fig. 16) serve
for heating bodies out of contact, or with but limited access of air. Thoy are
easily made, especially the form B, which answers nearly every purpose, from the
pieces which have become too short to be used as open tubes, or by heating a tube
six inches long in the middle and drawing it into two parts.

ACCESSORY APPARATUS.

22. An Agate Mortar with pestle (Fig. 17) is used for reducing minerals to
a fine powder. . It should be from two to three inches in diameter, and should be
used only for grinding, never for pounding, hard bodies.

i

Fig. 18, Fig. 17.

23. A Diamond Mortar (Fig. 18) made of cast steel and well tempered, is
used for breaking up and reducing to a tolerably fine powder hard and refractory
bodies. The fragments to be broken are placed in the bottom of the cavity; the
closely fitting pestle is also placed in the hole, and is sharply struck with a small
hammer. Minerals are thus prepared for finer pulverization in the agate mortar ;
but the same thing may be accomplished by wrapping the assay in several folds
of paper, placing it upon an anvil and striking it.



A

BLOWPIPE REAGENTS, 9

24. Hammer. A small steel hammer such as is used by jewellers.

25. Anvil. A small parallelopipedon of hardened steel, or any convenient flat
surface of steel.

26. Pliers. Cutting pliers (Fig. 19) are useful for detaching fragments from
wineral specimens.

27. File. A small three-cornered file is used for cutting glass tubes. A notch is
cut in one side of the tube, which is then half pulled, half broken in two.

28. Magnet.. A common steel magnet, or a magnetized knife blade, serves to
recognize magnetic bodies ; a magnetic needle is sumetimes useful for delicate de-
terminations.

29. Lens. A magnifying glass composed of two convex lenses.

30. Watch-glasses from one to two and a half inches in diameter serve for
warious purposes.

8l. Test-Tubes of hard glass with a suitable stand.

32. Funnels of glass one and a half to two inches in diameter.

33. Porcelain Dishes. Those with handles, called casseroles (Fig. 20), are
viost convenient. They are used for boiling liquids and for evaporations.

Fig. 19. (f sise.) Fig. 0. (X eixe.) Fig. o1, (X nize.)

84. A Wash-Bottle (Fig. 21), made from a small flask, or any bottle having
a mouth wide enough to receive the cork through which the tubes are passed.

35. Glass Rods, three to six inches long, rounded at eech end, are used for
stirrers.

36. Filters. Suitable paper is cut into circular pieces, the radius of which
should be a half inch less than the side of the funnel in which it is to be placed.
It is twice folded upon itself, thus forming a quadrant ; this is opened 50 as to form
a conical cup, having three thicknesses of paper on one of its sides, and one on the
other. It is snugly inrerted into a funnel, and moistened from the wash-bottle
just previous to use.

The list of appliances for blowpipe analysis may be indefinitely increased, but the
simplicity of a blowpipe outlit, in rendering it non-expensive and portable, is
very desirable. A little ingenuity will supply the place of much apparatus.

BLOWPIPE REAGENTS.

The substances employed to produce chemical chunges in bodies for their recog-
nition are termed reagents. The quantities needed are so small that it is usnally



-

10 BLOWPIPE REAGENTS.

advisable to purchase most of them ; but as it is often difficult to procure reagents
of proper quality, simple directions for preparing some of them, and for testing
their purity, are here given.
. 37. Carbonate of Soda; or Soda, in blowpipe language. Either neutral
carbonate or bicarbonate may be used. To prepare it, take four or five ounces of
commercial bicarbonate of soda, free from mechanical impurities, place it in a
porcelain mortar, add a little distilled water, and pulverize finely. Bring it upon
a large filter in a glass funnel, and allow the water to drain off. Successive ad-
ditions of water, in quantities of about one ounce, are made, until a few drops of the’
drainings, caught in a clean test-tube, and acidified with nitric acid, give no pre-
cipitate, nor even the faintest turbidity with a drop of clear solution of chloride
of barium. The washing often requires several days, and is sometimes pot com-
plete before half of the salt has been washed away. It is thus freed from sulphu.
ric acid, which contaminates the commercial sait. Soda that is purchased as
pure should be tested for sulphur and sulphuric acid, as described in 145, before
trusting its purity. The salt as thus prepared is spread out upon paper and
allowed to dry. Part of it may be bottled while moist, and used in that state ;
but a part must be dried at a high heat, in order to expel all water. It is then
pulverized and put away for use. :
38. Biborate of Soda. Borax. The commercial salt is nsually pure enough.
Clean crystals are selected, and coarsely pulverized. For some tests, fused horax
is required. To obtain this, some of the commercial salt is melted in a platinum
dish, and when cool placed in a tightly stoppered bottle.
- 89. Phosphate of Soda and Ammonia. Salt of Phosphorus. Micro-
~"cosmic Salt. The very small quantity of this substance (1 o0z.) needed for a
great number of trials is best purchased. It may be prepared by dissolving in
two parts of boiling water six parts of crystallized phosphate of soda, and one
part (all the parts by weight) of white and clean sal-ammoniac, and immediately
filtering while still boiling hot. The crystals that separate on cooling are freed
from the chloride of sodium that adheres to them by recrystallization. Zesting.—
It must fuse on platinum wire to a colorless, perfectly transparent globule; and
when oxide of copper is added, and it is again heated, it must not tinge the flame
with a blue or green color.
40. Nitrate of Cobalt. Cobalt Solution. The crystals of nitrate are dis-
solved in ten parts of water, and filtered if necessary. For use the cobalt solution
is most conveniently kept in bulbs similac
to those represented in half size, in Fig. 22.
The bulb A is easily made from a bit of
glass tube. In order to fill such a bulb ic
is gently heated, and the tip placed beneath
the surface of a solution of nitrate of cobalt
in a shallow dish. 'When a drop of the solu-
tion has entered it is again heated, the drop
is converted into steam, the tip is again
immersed, and the solution will almost in-
stantly vush into the bulb. It should not
be more than two-thirds filled. To apply
Fig. 22. the solution, the bulb is grasped gently in
the palm of the hand, and inverted, when
the expansion of the air shortly forces out a drop or more, as is required.
41, Nitrate of Potash. Clean crystals of the commercial salt are powdered.
42. Bisulphate of Potash. Equal weights of clean nitrate »f potash and oil
of vitriol are heated together in a porcelain dish, gently at first, nfterwards more

A - B
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strongly, till the nitric acid and excess of sulphuric acid are driven off and a clear
liquid remains which solidifies to an opaque mass on cooling. The salt thus ob-
tained is pulverized, and preserved in a glass-stoppered bottle. It can also be pre-
pared by heating pure sulphate of potash with an excess of sulphuric acid, until
the excess is driven away and the mass solidifies on cooling.

43. Cyanide of Potassium. In nearly every case this reagent can be dis-
pensed with, by one who has perfect command of the blowpipe, its only use being
to facilitate difficult reductions. It can be procured of any photographer or drug-

gist.

44. Jodide of Potassium. The clean crystals purchased of any druggist.

45. Sulphur. Flowers of sulphur.

46. Tin. Strips of pure tin-foil a half an inch wide and one inch long.

4. Zine. Strips of common sheet zine.

48. Lead. Pure lead, for detecting gold and silver by cupellation, is prepared
by dissolving acetate of lead (sugar of lead) in hot water, filtering, and inserting
strips of clean zinc into the solution. After five to six hours the precipitated lead
should be scraped from the zinc in order to expose a fresh surface. When the
lead is all separated, it is washed thoroughly with water, then dried by pressing
between folds of blotting paper, and finally by exposure to a gentle warmth,

49. Iron. Clean wire of the thickness of a medium-sized sewing-needle. Iron
in a fine state of subdivision is used for reductions in the wet way.

50. Magnesium. Bits of foil or wire are useful in detecting phosphoric acid.

51 Silver. A smooth silver coin, which urust be freshly cleaned at the time
of using. See detection of sulphur, 145.

52. Bone-Ash. A little cup of bone ashes, called a cupel, is used for the de-
tection of silver and gold. Bones burned to whiteness are finely pulverized and
reserved for these purposes.

53. Oxide of Copper. A copper cent is dissolved in nitric acid, the solu-
tion is evaporated to dryness, and the dry mass gradually heated to redness in a
porcelain dish.

bH4. Fluoride of Calcium. Pure fluor-spar is crushed and heated in a test
tube until decrepitation ceases; it is then finely pulverized.

55. Oxalate of Nickel. The pure salt is best purchased, and when fused
with borax before the blowpipe, must give a brown and not a blue glass.

58. Test Papers. A. Blue Litmus Papers.—Digest one part of the litmus of
commerce with six parts of water, and filter the solution; divide the intensely
blue filtrate into two equal parts; saturate the frec alkali in the one part by re-
peatedly stirring with a glass rod dipped in very dilute sulphuric acid, until the
color of the fluid just appears red; add now the other part of the blue filtrate,
pour the whole fluid into a dish, and draw strips of fine unsized paper through it:
suspend these strips over threads, and leave them to dry. When dvy, the paper
should have a fine blue color, and may be cut in narrow strips and kept in a tight
box. The moistened paper should be promptly reddened by the smallest trace of
acids, and is used for their detection. When the litmus paper is reddened by a
very feeble acid, it may be used for the detection of alkalies.

B. Turmeric Paper.—Digest one part of bruised turmeric root with six parts
of weak spirits of wine, filter the tincture obtained, and steep slips of fine paper
in the filtrate. The dried slips must exhibit a fine yellow tint, It is turned
brown by alkalies, and serves also in the recognition of boric acid, molybdic
acid, and zirconia.

C. Brazil-wood Paper.—Brazil-wood is boiled with water, the liquid filtered,
and paper saturated with it and dried. It is used for detecting fluorine, which
gives it a yellow color; it also serves to recognize alkalies, which color it violet.
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WET REAGENTS.

57. Water. Whenever water is used in analytical operations it should be
either distilled water, or clean rain water.

58. Hydrochloric Acid. Muriatic Acid.* The strong commercial acid
will answer for most purposes, but it is also advisable to have some of the pure
fuming acid which on evaporation leaves no residue and when diluted with water
gives no milkiness on the addition of chloride of barium.

59. Sulphuric Acid concentrated, (ordinary oil of vitriol).

60. Nitric Acid, pure. It must leave no residue upon evaporation, nor
give any turbidity with nitrate of silver.

61. Phosphoric Acid. The officinal concentrated solution.

62, Ammonia. It must be colorless; should leave no residue when evap-
orated on a watch-glass, nor should it cause the slightest turbidity in lime-water.

63. Carbonate of Ammonia. One parc of the commercial salt is dissolved
in four parts of water, to which one part of solution of caustic ammonia has been
added,

64. Chloride of Ammonium. Select sublimed white sal-ammoniac of com-
merce. If it contains iron or other impurities it is dissolved in hot water, and
set aside to recrystallize. The dried crystals are dissolved for use in eight purte
of water,

65. Phosphate of Soda. Purify the salt of commerce by recrystallization,
and dissolve one part of the pure salt in ten parts of water.

66. Oxalate of Ammonia. Dissolve commercial oxalic acid, which has been
purified by recrystallization, in two parts of hot water; add caustic ammonia, or
carbonate of ammonia, until the fluid begins to manifest a slight alkaline reaction ;
filter, and set aside to cool, The crystals that separate are allowed to drain, and
the mother liquors are further evaporated to crystallization. Purify by recrys-
tallization. Dissolve one part of the pure salt in twenty-four parts of water.

67. Potassa. Dissolve some sticks of caustic potassa in water, allow to stand,
and separate the clear solution from the sediment by decantation.

68. Chloride of Barium. This salt muy be purchased of any druggist. For
use it is dissolved in ten parts of water,

69. Nitrate of Silver. May be procured in crystals from any druggist or
photographer.

70. Bichloride of Platinum. Treat platinum filings (purified by boiling
with nitric acid) with concentrated hydrochloric acid and some nitric acid, and
apply a very gentle heat, adding occasionally fresh portions of nitric acid, until
the platinum is completely dissolved. Evaporate the solution to dryness on a
water bath, with addition of hydrochloric acid, and dissolve the residue in ten
parts of water for use. It is used for detecting potassa in the presence of soda
and lithia.

T1. Molybdate of Ammonia. Pulverize the sulphide of molybdenum as
finely as possible, and roast it in a shallow sheet-iron or earthen dish, at a low red
heat, until it turns yellow, and becomes converted into molybdic acid. It is then
digested with ammonia, which extracts the molybdic acid ; the solution is filtered,
evaporated to dryness, and the molybdate of ammonia which is left is dissolved
in water acidulated with nitric acid and kept for use.

All the reagents of a well-appointed laboratory may be of occasional service in
the qualitative analysis of minerals, but reagents other than the above will be but
rarely needed by the student in blowpipe analysis.
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SYSTEMATIC COURSE OF QUALITATIVE BLOWPIPE
ANALYSIS.

72. THE student being provided with the necessary materials, and having
acquired some skill in producing the oxidizing and reducing flames, is prepared to
consider the various effects that may be produced with the blow-pipe. These re-
actions are classified, according to the apparatus and reagents that are used, under
the eight following heads, as recommended by Plattner:

A.—Heating in the closed tube.

B.—Heating in the open tube.

C.—Heating on charcoal.

D.—Heating in the platinum forceps to test fusibility, and to observe the
coloration of the flame.

E.—Treatment with cobalt solution.

F.—Fusion with borax.

G.—Fusion with salt of phosphorus.

H.—Treatment with carbonate of soda.

Under each of the above divisions is given, first, the method of experimenting,
and, second, in tabular arrangement, the phenomena or reactions produced,
which are characteristic of the substances usually subjected to blowpipe examina-
tion. The heginner should not attempt at first to work with bodies of unknown
composition, but should provide himself with some substances which are well cal-
culated to illustrate the reactions indicated.

The blowpipe lamp is placed upon a sheet of stout clean paper, so that the assay
accidentally falling may not be lost. Whenever a new substance is taken for ex-
periment, all fragments of the old should be shaken off.

The assay must not be too large; in most cases the bulk of a mustard seed ia
enough, in the practised hand. Beginners may use a larger quantity, but as tha
student progresses he should aim to reduce the size of his assays to the least
arpount consistent with a perfect experiment, since he will be often called upon to
determine minerals upon minute fragments.

The closest observation will often be necessary for the detection of the reaction,
and the success of the student is greatly dependent upon the accuracy of discrim-
ination, quick comprehension, and careful manipulation which is acquired in these -
preliminary examinations.

T

A.—HEATING IN THE CLOSED TUBE.

73. The body, in fragments the size of a grain of wheat, or an equivalent
bulk of it, if it be in form of a powder, is placed in the bottom of a tube closed at /

one end ; the tube is held nearly horizontal, and heated over the spirit or gaslamp.

.
"-
Y
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14 HEATING IN THE CLOSED TCBE.
very gently at first, and finally, if needful to intense ignition, with the aid of the
blowpipe, and the successive phenomeng are carefully watched as they appear.

Powdered substances must be so introduced into the tube as not to soil its sides;
this is accomplished by placing the powder on a narrow slip of writing paper pre-
viously folded lengthwise in the form of a trough. The tube is held horizontal,
and the paper trough is inserted to its bottom; the whole is now brought into a
vertical position, and the paper is carefully withdrawn.

The phenomena can nearly all be produced in the simple closed tube (Fig. 16, 6),
and for most purposes this form is better than the bulb tube, since the object of
these experiments is to beat the body out of contact with the air, and to produce
changes among its constituents without the interposition of any reagents,

The following phenomena may be observed : *

1. Decrepitation—Fluorite, Barite, and many other minerals.

2. Glowing—Gadolinite, etc.

3. Phosphorescence—Fluorite, Willemite, etc.

4. Change of color. The most important are here tabulated.

1

—-—

. COLOR COLOR
ORIGINAL COLOR. | w1/ 5 1GNITED., AFTER COOLING. SUBSTANCE.
White to yellow. Brown. Yellow. Binoxide of tin. +
White. Yellow. White. Oxide of zinc and many of its
salts.
‘White, Yellow. Yellow. Hydrated oxide, carbonate,
and other salts of lead.
Blue or green. Black. Black. Hydrated oxide, carbonate,
and other salts of copper.
White, Dark yellow. Light yellow. Hydrated oxide, carbonate,
: and many salts of bismuth.
White. Brown, Brown. Hydrated oxide, carbonate,
and many salts of cadmium.
Yellow or red. Deeper color. Original color ifi Most chromates.
gently heated ; green
if strongly heated.
Red. Black. Red. Sesquioxide of iron.

5. Fusion—Stibnite, Nitre, and other bodies.

6. Give off oxygen—Binoxide of Manganese, Oxide of Mercury, cte.

Tested

by placing a bit of charcoal in the tube, upon the assay. Ileat the charcoal first,
then the assay, and the charcoal will glow.
7. Become carbonized, and give a burnt odor—Amber and many organic com-

pounds.

8. Give off water—All hydrates.

9. Give acid vapors—IHydrates with volatile acids.
litmus paper in the end of the tube.
-“"10. Give alialine vapors—Amioonin Salts.

If acid reaction, non-nitrogenous; if alkaline, nitrogenous body.

Tested by placing a blue

If the glass is etched, Fluorine.
Tested with a piece of turmeric

‘paper.
ﬁ. Give sublimates which condense on the cold part of the tube.

* For experiments illustrating the effects to be produced in the closed tube, the following
substances are given : Fluorite, Gadolinite, Oxide of Zinc, Stibnite, Oxide of Mercury, Am-
ber, Serpentine, Nitrate of Ammonia, Pyrite, Realgar, Arsenopyrite, Selcnium, Amalgam,

inuabar, Spathic Iron.

5 ;
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] Either originally free, or
&. A yellow sublimate. SoLPHUR. from decomposition of a
sulphide,
b. A sublimate, dark brown-

red, almost black when hot, SULPHIDE Realgar and Orpiment,
and red or reddish yellow when A and other Sulph-arsenides.

old. BSENIC

¢. Instrong heat, a sublimate
deposits near the assay, which
is black when hot, and brown-
red ‘when cold.

OXYSULPHIDE
OF
ANTIMONY.

Sulphide of Antimony
and its compounds, with
other metallic sulphides.

d. A dark red, almost black,
sublimate, and odor of decaying
horse-radish at open end of
tube.

e. Condenses in small drops,

with metallic lustre. Various Tellurides.

TELLURIUM.

Native Arsenic and

Ansenic. many Arsenides.

mate, and ga.rho odor.

g. A gray sublimate, con-
sisting (use lens) of metallic
globules, which may be united
by rubbing with a feather.

MEercury. Amalgams.,

{
{
i
{
{

h. A black, lustreless subli- SuLPHIDE .Cimlmba-r, .Vermiifo”’
mate, red when rubbed. OF minerals containing both
MERcCURY. Mercury and Sulphur.

1. Perchloride of Mercury. +

2. Cldoride of Lead ; fuses to a yellow liquid,
partially sublimes, and becomes opaque and
white on cooling.

3. Antimonous Acid ; fuses to yellow drops,
and if air be excluded, deposits in brilliant
needles.

f. The body fuses, and yields
a sublimate, which is white
when cold.

)
}
)
|
A
}
|
|
)

1. Salts of Ammonia.

J- The body does not fuse, 2. Arsenous Acid ; easily sublimes and con-
but gives a sublimate, which is } denses in octahedral crystals (lens).
white when cold. 3. Protochloride of Mercury ; sublimate is

yellow when hot.

12. The residue is magnetic—Spathic Iron, Pyrites, etc.

There are some other reactions more rarely observed, particularly in the study
of minerals. Osmic acid forms a sublimate of white drops, which possess a disu-
greeable odor. Cyanogen, when liberated, is recognized by its peculiar odor.
Iodine volatilizes in beautiful violet fumes. From some of its alloys Cadmium
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C- Tb. Odor of decaying horse-radish.—Selentum. Mos

_‘._
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16 . HEATING IN THE OPEN TUBE.

volatilizes and condenses as a black metallic sublimate. Sulphurous acid is gives
off by sulphides in an amount proportionate to the oxygen which surrounds the
assay, but the place for its observation is in the open tube.

B.—HEATING IN THE OPEN TUBE.

"74. This is essentially a roasting or oxidizing process. The substance is placed
in a glass tube open at both ends, at a distance of about one inch from the end,
at which point & bend is sometimes made (see Fig. 15); but for most operations a
straight tube is preferable. The heat should be gentle at first and only gradually
ruised, otherwise some bodies may volatilize without oxidizing, and give the same
sublimate as when heated in a closed tube. By changing the inclination of the tube,
the current of air through it may be increased or diminished, and the oxidation
made to proceed more or less rapidly. Not too much of the substance must be
taken, and if satisfuctory reactions be not obtained from a fragment, it should
be pulverized. Bodies which decrepitate and lose volatile ingredients by heating
in a closed tube, must be finely pulverized at the outset, and introduced iuto the
tube by means of a paper trough,

A glip of moistened litmus paper should always be placed in the upper end of
the tube when experimenting on an unknown substance, and when vapors
to arise, attention should be given to their odor, and to the sublimates which con-
dense on the inner surface of the tube. Many of the phenomena encountered in
this trial are identical with those obtained in the closed tube. Only such as are
peculiar or characteristic are here noticed.*

1. Odors.—a. Sulphur and sulphides in the open tube form sulphurous acid, giv-
ing the odor of burning sulphur, and reddening moistened blue litmus paper. When
a reaction i3 not developed by heating a fragment, the {)owder must be employed.

tly sublimes.

¢. Odor of garlic.— Arsenic. Mostly sublimes.

2. Subhmates —Carefully compare last section in case they are not noticed be-
low. The sublimate itself should be heated to ascertain if it be volatile or fusible.

& White, crystalline (octahedral), volatile} Ansexous | Metallic Araenic
sublimate; formed easily at inoderate heat. Acmp. " id{a

b. White, thin sublimate, crystalline nearest
the assay ; fusible to droplets; yellowish when
hot, nearly colorless when cold. When the R.
F. is directed upon it within the tube, it be-
comes blue, or even copper-red from reduction.

J[olybdw Acid
and Sulphide
of Molybdenum.

MovLyBpIC
Acip.

volatile white sublimate, depositing on the upper
side of the tube; afterward in most cases a »
white, non-volatile and infusible sublimate
gathering on the under side of the tube.

d. White smoke, and non-volatile fusible | SULPHATE oF Sulphide of
sublimate depositing on the under side of tube. { LEap. Lead.

and Most compoundn

ANTIMONIC

Acips.

3 N\
¢. Dense white smoke, and at first a mostly ANTIMONOUS {
L Antnmmy

7

* Substances serving to illustrate the reactions of the open tube : Pyrite, Blende, Seleninm,

», Arsenopyrite, Molybdenite, Stibnite, Galenite, Bismuth, Tellurium, Cinnabar.

-~
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e. Fusible sublimate, dark brown when hot, OXIDE OF \[ost compounds
lemon yellow when cold. BisumuTH. of DBismuth.

J- A gray sublimate, fusible to colorless} TELLUROUS % ative Telluri-

drops that solidify on cooling. Acrp. 'lgzll:;:}“many

g- A steel-gray sublimate, the upper edge of
which appears red, and sometimes fringed with | o o Selenium  and
small white very volatile crystals of ‘selenous [ S CLENIU. many Selenides.
acid

h. A bright metallic sublimate, that can be
gathered into a drop by sweeping it together y MERCURY.
with a splinter of wood or a feather.

Cinnabar, and
compounds con-
taining sulphide
of mercury.

3. Residues.—Compare table of changes in color, 73. 4.

C.—HEATING ON CHARCOAL.

75. A small quantity of the substance is placed in a shallow cavity on char-
coal, which is so situated that the flame of the blowpipe can be directed downward
upon it, and its behavior in both flames observed.

A fragment may be used, or if tH% substance is in the form of powder, or on
account of decrepitation must be reduced to powder, it may be mixed with water
to a paste and placed ou the coal, and heated at first gradually, afterward, when
dry, to full ignition.

Much trouble is sometimes expenenced in keeping the assay in its place suffi-
ciently long to observe its behavior fully, especially when it is infusible or diffi-
cultly volatile. In such cases borax may often be cmployed to advantage in the
following manner: The assay is held in the forceps, heated to reduness, and then
touched to a little grain of borax. The borax melts; and attaches itself to the
body, which is now laid in the cavity so that the borax is in contact with the
charcoal, and is carefully heated with the blowpipe; it usually adheres without
further trouble.

In the following tables are given the characteristic phenomena that belong to
this section.

1. Odors should be observed immediately after a short exposure to heat,
Traces of sulphur, selenium, and arsenic are more surely detécted by their odor on
charcoal, than in an open tube.

a. Odor of burning sulplur.— Sulplur and sulphldes Best observed in O. F.

b. Odor of decaying horse-radish.— Selenium and selenides, Treat in O. F.

¢. Odor of garlic.—Arsenic and its compounds. Traces are most surcly recog-

nized after momentary exposurc of the ussay to the R. F.

2. Deflagration.—Nitrates, chlorates, iodutes, bromates.

3. The body fuses and is absorbed by the charcoal.—The fixed alkalics and many
of their salts; also hydrates of baryta and strontia, and after very long heating
their carbonates and sulphates.

4. A white infusible residue remains, it may be after previous fusion, which:

a. Glows brightly in O. F., indicating lime, stroutia magnema,m coniuy, zine, and

tin,

b. After ignition turns moist turmeric paper brown, Baryta, stroutia, lime,

magnesia.

¢. Comniunicates a characteristic color to the flame. See page 20,

2
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HEATING IN THE PLATINUM-T'OINTED FORCEDS. 19

5. Sublimates or Coatings.—The volatile metals and some of their compounds
give B. B. on charcoal, more or less characteristic deposits or sublimates.  These
coat the charcoal at a greater or less distance from the assay, and it must be
observed what color they possess both when hot and cold, as well as whether they
disappear in the O. F. and R. F., aud thereby color the flame,

These sublimates, which are mostly deposited on the unheated charcoal, ave not
to be confounded with the ash (usually white), which remains as a thin coating
where the coal itself has been exposed to the blowpipe flame.

Compounds of some of the metals must be heated in the R, F.  They ave then
reduced to the metallic state, volatilized, and issuing from the flame are instanily
reoxidized and deposited as a couting.

"he characters given in the tables belong to the unmixed bodies. Their detec-
i is often dilicult when they occur together, and not always certain, even to tho
experienced operator,

a—m (inclusive). See table on page 18.

n. The sulphides (sulphates which in R. F. on charcoal become sulphides), chlo-
rides, todides, bromides of potassium, sodium, rubidivm, and casivm give B, B, white
sublimates, the similar compounds of lithinm grayish white, less copious sublimates,
the salts themsclves fusing and being absorbed by the charcoal. These sublimates
volatilize in R. F., thereby tinging the flame with the color characteristic to these
alkali metals : viz., potassium, rubidium, cisium, violet ; sodium, yellow ; lithium,
purple.

o. The chlorides of ammoninm and%ntimony, and subchloride of mercury. vol-
atilize without fusing, and yield white sublimates, which disappear in R. F. without
coloring the flume.

p. Cleoride of copper fuses and tinges the flame intense azure blue. By long
heating it partly volatilizes in white fumes, that smell of chlovine, and coat the
charcoal with three differently colored sublimates, of which the interior is dark
gray, the middle is dark yellow to brown, and the outer is bluish white. In R. F.
the sublimate volatilizes, tinging the flame blue.

D.—HEATING IN THE PLATINUM-POINTED FORCEPS.

Coloration of the Flame.

78. Several bodies may be recognized by the colors they communicate to the
blowpipe flame.

When the substance admits, a thiu fragment may be held in the ¢/ran platinum
forceps, and its point brought into the edge of the blue flame just within its
apex,

When the body fuses so readily that it cannot be supported in the forceps, or
if it attacks platinum, it must be laid in a very shallow cavity made on a narvow
piece of charcoal, and held in such a mauner that the tlame may be thrown
across it.

If the assay is infusible and decrepitates, or cannot be had in fragments, its
powder is moistened to a paste with pure water (not with saliva) and spread upon
the coal; it is first dried by a gentle heat and afterwards strongly ignited.  Usually
a coherent cake is thus obtained, which, with care, may be lifted in the forceps and
it« edge subjected to the flame.  If a small fragment of a decrepitating mineral is
tuken in the forceps, and the forceps inserted into the tlame in such a manner as
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to strongly heat their points before the mineral is heated, it may then be slowly
drawn into the flame, uniformly heated, and thus often be saved.

The trial often succeeds best when the loop of a platinum wire is moistened with
distilled water, touched to the powder of the assay, and then carefully heated ; or
if the body is easily fusible the wire may be ignited and brought rapidly in con-
tact with it. Enough will adhere to observe if any coloration be given. Even if
.the substance attacks ov alloys with the platinum, this method is to be recom-
mended ; it is then only needful to cut off the injured part of the wire.

The utmost care must be taken that no foreign matters interfere with the ob-
gervation. The forceps, charcoal, or wire must be chemically clean, and must not
alter the color of the flame when heated alone therein. If the assay is to be pul
verized, the mortar and pestle must be thoroughly washed beforehand. The wire
may be cleaned by dipping it in hydrochloric acid, or heating it therewith in a
test tube, until apparently clean,and then rinsing it with distilled water. Merely
by drawing a wire through the fingers, or wetting it with saliva, it receives a
coating of soda enough to give a distinct thougll momentary yellow color to the
blowpipe flame,

The flame itself should be what has been described as the oxidizing flame ; it
must at least be totally free from yellow streaks, and is best obtained from a
slender wick like that of a candle. A brass wick-tube often tinges the flame green,
especially if the fuel be oil.

The assay is held just within the point of the blue flame; the coloration is ob-
served in the exterior part of the lame, anfl is best scen in a darkened room, or
at least in a situation shiclded from the direet light of day.

If the body gives no coloration or only a slight one when heated alone, it should
be moistened with sulphuric ecid and again heated, by which means phosphorie
and boric acids become evident; or with hydrochloric acid, which in most cases
beightens the coloration given by baryta, strontia, and copper.

1. YELLOw,

Reddish yellow. Sopa in all its compounds, even when present in very small
quantity. Admixtures of potash, etc., even in cousiderable quantities, do not in
terfere with this reaction.

2. VIOLET.

Bluish violet. Potasu and most of its salts, phosphates, borates, and infusible
silicates excepted. In presence of very little soda the reaction of both is dis-
cernible ; with more soda (1 per cent.) the yellow lame predowminates. The presence
of lithia also masks this reaction. Silicates containing potash only, give the flame
a violet color, wheu, besides being free from soda and lithia, they are somewhat
fusible. Indium, cisium and rubidium also give violet flames.

3. RED.

a. Purple ved. Litmia and most of its compounds. The reaction is not nasked
by potash, but casily by soda.

b. Red. SrtroxTiA and many of its compounds. The coloration is increased
by moistening the already ignited assay with hydrochloric acid; is masked by much
baryta. -

0% c.y Yellowish red. Lime and many compounds; flame not to be confounded with
that produced by strontia ; is masked by much baryta.
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4. GREEN.

a. Yellowish green. BARrYTA and most of its salts, silicates excepted; uot
masked by lime. '

b. Yellowish green. MoLyBDIc AcID ; also oxide and si.Iphide of molybdenum.

c. Emerald green. Correr and most of its salts.

d. Green. TELLUROUS AcID.

e. Green. THALLIUM and its salts.

J. DBluish green. Puospnoric Acip. Many phosphates give the coloration
slone; others only after their powder is moistened with sulphuric acid to a paste,
and then ignited on platinum wire. The coloration is often but momentary.

g. Yellowish (siskin) green. Boric Acip. Minerals and salts are best mixed as
powder with sulphuric acid, and heated on platinum wire; coloration often
momentary.

h. Dark green, feeble. AMMONIA SALTS.

i. Whitish green, intense. MEeTALLIC ZINC.

5. BLuE.

a. Light blue. METALLIC ARSENIC, and arsenides of bases which do not them
selves tinge the flame. Also arsenates, and arsenous acid.

b. Gwreenish blue. METALLIC ANTIMONY, and the sublimate of antimonous acid,
an charcoal.

c. Azure blue. LeAp. The metal fused in R. F., the sublimate of oxide,

also salts of lead when fused on wire, in case their acid constituent does not tinge
the flame strongly.
d. Azure blue. SELENTUM.
e. Azure blue. CurLoripE oF CoPPER. Metallic copper, and most copper com-
ounds after wetting with hydrochloric acid, color the flame for a short time purplish
Elue, afterwards green.
J- Greenish blue. BroMiDE oF CorpER. After a little time, green.

Fusibility.

T1. The fusibility of minerals is also tested in the platinum forceps. (See scaie
of fusibility in Chapter IV.) As a general rule, no substances with metallic lustre
should be heated in the platinum forceps, since they are apt to be injured by
forming an alloy with the fused metals; but the cautious manipulator may heat
any substance in the forceps without danger, by taking especial care that the
fused substance does not come in contact with the forceps.

"718. Many of the combinations of the alkaline earths become alkaline on heat-
ing. Such substances, if not too fusible, may be treated in the forceps, and the frag-
ment under examination after cooling placed on a strip of moistened turmeric
paper, which acquires a brownish-red color at the point of contact with the assay.

E.—TREATMENT WITH COBALT SOLUTION.

79. This operation is only applicable to bodies which are nearly or quite
infusible, and which, after ignition, have a white or at least a grayish color, and
is always conducted in O. F. If the substance can be heated in the form of splin-
ters or fragments, and is somewhat porous, it may be held in the platinum for.
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ceps ; the projecting extremity is moistened with the cobalt solution, theu heuted
gradually until dry, and finally ignited as strongly as possible in O. F. without
causing fusion.

Hard, compact minerals must be finely pulverized before treatment. The pow-
der is placed in the palm of the hand and moistened with the solution of cobalt.
A portion of the paste is then taken upon the loop of a platinum wire and strongly
ignited in the O, F.

Certain sublimates, for example, oxides of zinc and tin, formed by heating com-
pounds of these metals on charcoal, are treated directly with cobalt solution.

By this treatment several bodies, especially alumina, maguesia, and oxide of
zinc, assume characteristic colors. The tints of blue, red, and black that appear
before strong ignition are merely due to the drying or decomposition of the nitrate
of cobalt, and are not to be regarded.

The color of the assay thus treated must be examined by daylight.

Minerals, and salts which fuse to a colorless glass, yield with cobalt solution the
smalt-blue color which is characteristic of cobalt. A blue infusible mass only,
indicates alumina.

The cobalt solution should be rather dilute, and if needful, successive portions
added until decisive results are obtained.

This reagent serves to detect alumina, magnesia, etc., infallibly when they are
iu the pure state, and also in many of their combinations ; but in various minerals
the result is masked by other ingredients.

80. The colors thus obtained are given in the following table:

1. Brown or brick red—Baryta, under fusion and while hot.

9. F'lesh red—Magnesia, tantalic acid, after cooling.

3. Violet—Zirconia (dirty violet) ; phosphate and arsenate of magnesia (fuse).

4. DBlue—Alumina, silica (faint).

5 Green—Oxide of zine (yellowish green), oxide of tin (bluish green), titanic
acid (yellowish green), columbic acid (dirty green), antimonic acid (dirty
dark green).

6. Gray—Strontia, lime, glucina (bluish gray). :

It sometimes happens that the ash of the charcoal itself acquires a new color
by ignition with this reagent. We have occasionally observed a greenish-yellow
color thus produced. The operator has to assure himself that the ash of the coal
he uses gives no deceptive reaction with nitrate of cobalt.

Use of Fluxes—Roasting.

81. Borax as well as salt of phosphorus exerts a very powerful solvent actionm
when fused with metallic oxides, forming, in many cases, highly colored glasses,
which are exceedingly characteristic. These salts are therefore very important
reagents in blowpipe analysis; but it must always be remembered that the colors
noted in the following tables are those given by the owides, and where the prelim-
inary examination has shown the substance to contain sulphur or arsenic in com-
bination it is indispensable before going further to remove these elements, and
convert the metals into oxides by roasting.

82. Roasting. The opecration of roasting is performed as follows: The
finely pulverized substance is placed in a quite shallow cavity on charcoal, pressed
with a pestle or knife-blade into a thin layer, and heated for some time, only
to dull redness, with the extreme point of the flame. When the odor of
sulphurous acid ceases to be perceptible the assay is brought into the R. F., where.
by the sulphates and arsenates that may have been formed in the O. F. are reduced,
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and arsenic is more or less d.Xven off. 'When no more arsenical odors are evolved
the treatment in O. F. is repeated, and these operations ave alternately continued
until the assay is odorless in both flames. The heat should be quite moderate, so
that the body does not fuse; if it fuses, it must be removed (o the agate mortar
and freshly pulverized. =~ 'When the roasting has been well conducted the residue
is pulverulent, and of uniform appeurance throughout. When much arsenic is
present it is best to heat the body previously in the open glass tube.

Bodies containing selenium, tellurium, and antimony, if free from sulphur and
arsenic, usually require no roasting, as the former substances, unlike the latter, do
not interfere with the reactions about to be deseribed.

F.—FUSION WITH BORAX.

83. Treatment with Borax in O. F. The fusion with borax is usually
effected on the platinum wire. The clean loop is beated to redness and dipped in
borax powder, and the adhering particles are heated until fused to a clear and
colorless glass, or bead ; this bead, while still hot, is brought in contact with a
very little of the assay, and heated therewith in the O. F.

It is to be observed whether the body dissolves readily or slowly, quietly or with
effervescence ; and when solution has been efficted, the bead is to be held before
the eye, against the light, and its color, when hot and cold, is to be noted, as well
as whether its transparency is disturbed while cooling. Beads should not be look-
ed at against the light of the gas or candle, since by such lights the colors are much
modified.

The phenomena of color vary in intensity, and to a certain degree in kind, ac-
cording to the quantity of substance dissolved in the bead. The manifestation of
opacity on cooling depends also upon the quantity of material contained in the
flux, and indeed only occurs when a certain amount has been added. 1t is there-
fore necessary to begin by dissolving a little of the assay, and after noting the
result, more may be cautiously added at several intervals, until the operator is
satisfied.

If, by using too much of the assay, a bead has been obtained, so deeply colored
that it is difhicult to decide what the color is, it may be flattened in the forceps,
or drawn out by a platinum wire while still hot; or most of the hot bead may be
thrown off with a sudden jerk, and the remaining portion diluted with more borax.

If the operator be in doubt as to the nature of the color he has obtained, he
should view it through a lens, or compare it with some known color, obtained by
fusing the appropriate pure metallic oxide in another borax bead. Care must be
taken finally to guard against deception arising from reflections from colored sur-
faces near the operator.

84. Flaming. The alkaline earths, and some other bodies, dissolve in borax,
forming beads which, at a certain stage of saturation, are clear, and remain so
when cold, but which, if heated slowly and gently in the R. F., especially with an
intermittent flame, become opaque and enamel-like.

The application of the intermittent flame is called Aaming. In most cases the
bodies, which at a certain degree of saturation are made opaque by flaming, become
82 without flaming when the saturation is carried a little farther.

85, Treatment with Borax in R. F. After observing the behavior of a
body in the O, F., it is subjected to the R. F., which must, howev er, be k0o managed
that no soot deposxts on the bead. After blowmg a little time the bead is allowed to
cool, and its color, both when hot and cold, is observed. It may sometimes be
necdful to add more of the assay, and repeat ’the heating. In case no effect be pro-
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duced, or if metallic globules appear, which may often alloy with the platinum
(whereby the loop is spoiled), the bead is jerked off into a clean dish, placed in a
shallow cavity on charcoal, and further submitted to the R. F. for one or two min-
utes. In this way reductions are easily accomplished that scarcely succeed on the
wire. While the bead is still glowing it is grasped in the clean pincers, flattened,
and slightly lifted from the charcoal. It is thus suddenly cooled, whereby oxida-
tion, that might occur were the bead left to cool slowly, is prevented, and at the
same time it is brought into a good position for examining its color.

In special cases reduction is still further aided by help of metallic tin. A bit of
tin-foil is laid in contact with the bead, and the two are fused together for a few
moments in the R, F. The tin oxidizes at the expense of the higher oxide present,
reducing the same to a lower oxide, while the oxide of tin formed, dissolves in
the borax, without interfering with the color produced by the reduced assay.

86. With Borax in O. F. are yielded—

1. CoLorLESS BEADS BY
TEMPERATURE.

. Silica, alumina, oxide of tin, baryta, strontia,
Hot lime, magnesia, glucina, yttria, zirconia,
and thoria, oxides of lanthanum and silver,

[ ] when s.]y saturated
|
Cold. —'l tantalic, columbic, and tellurous acids :

+ become” opaque white
by flaming.
Titanic, tungstic, molybdic, and antimonic

acids, oxides of indium, zin¢, cadmium, %when slightly saturated.
lead, and bismuth :

2. YELLow BEADS BY

when strongly saturated ; color

rTit.anic, tungstic, and molybdic acids; l less when cold, but opaque by
* b

oxides of zinc and cadmium :

flaming.
Oxides of lead and bismuth, antimo- ) when strongly saturated ; color-
Hot. { nous acid: less when cold.
Oxides of cerium, uranium, and iron : when feebly saturated ; paler on
’ ’ *{ cooling.

Oxide of chromium : when feebly saturated ; yellowish green when cold
| Vanadic acid: greenish when cold.

3. REp to Browx BEADS BY

Oxide of cerium: yellow on cooling ; opaque by flaming,
¢“  didymium; rose colored; the same when cold.
Hot ¢ jron: yellow when cold.
. “  uranium: yellow on cooling ; opaque yellow by flaming,
&%  chromium: yellowish green when cold.
“  ijron containing manganese: yellowish red on cooling.
Oxide of nickel (red brown to brown): violet when hot.
Cold “  manganese : (violet red) violet when hot.
t “  nickel containing cobalt: (with little cobalt, violet brown)
violet when hot.
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4. VioLET (AMETHYSTINE) BEADS BY

Oxide of nickel: red brown to brown on cooling.
“  manganese: violet red on cooling.
Hot. “  nickel containing cobalt: passes into brown on cooling ; if muck
. cobalt be present it remains violet.
«  cobalt containing manganese: on cooling, like the nickel
mixture.

5. BLue BEaDs BY

Hot.—Oxide of cobalt: unchanged on cooling.
Cold.—Oxide of copper (when highly saturated greenish blue): groen when hot.

6. GREEN BEADS BY

Oxide of copper: blue after cooling, or greenish blue when lnghly satu-
rated.

If
According to the degree of saturation
Oxlde of i won conta‘x‘mng cobalt : ] and the relative p%opox rtions of the
«  copper f:_)é) 1{) ?r oxides to each other, the green co-
°PP « ickel : lor changes on cooli.ng into pale
L mexe reen, blus, or yellow.
Cold ‘z Oxide of chromium (yellowish green): yellow to red when hot.
* | Vanadic acid (greenish) : yellow when hot.

87. With Borax in R. F'. are given—
1. CoLorLEss BEADS BY
[ Silica, alumina, oxide of tin, baryta, strontia,

lime, magnesia, glucina, yttria, zlrcoma,
thoria, oxide of lanthanum, oxide of ceri-

whenstrongly saturated;
become opaque by flam-

Hot um, tantalic acid : ng.
and Oxide of didymium, oxide of manganese, the latter often takes a faint
Cold. rose color on cooling :

Columbic acid: when used in small quantity.

Oxides of silver, zine, cadmium, lead, bis- ) after long heating; gray
muth, and nickel; antimonous and tellu- if heated but a short

| rous acids : time.

Hot.  Oxidoe of copper: becomes opaque red on cooling, if highly saturated.

2. YELLow T0 BrowN BEADS BY

Titanicacid (yellow to brown) : when strongly saturated ; become enamél
blue by flaming.
Hot. <{ Tungstic acid (yellow to dark yellow) : brownish when cold.
Molybdic acid (brown to black and opaque).
Vanadic acid (brownish) : chrome green when cold.

3. BLue BEAD BY

Hot. Oxide of cobalt: unchanged on cooling.
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4., GREEN BEADS BY

Oxide of iron (yellowish or bottle green): especially when cold.

Hot ¢ uranium (yellowish green): when highly saturated ; becomes

and black by flaming.

Cold. “  chrominm (pale to dark emerald green): according to degres
of saturation.

Cold. Vanadic acid (chrome green) : brownish, when hot.

b. GrAY or TurBID BEADS, THE TURBIDITY OFTEN APPEARING DURING THE HEAT-
ING BY

muth, and nickel, antimonous and tel- } by longer blowing become
lurous acids: colorless.
Columbic acid : when highly saturated.

Oxides of silver, zinc, cadmium, lead, bis- zwhen heated a short time;
Cold,

6. REp BEADs BY

Cold Oxide of copper (opaque) if highly saturated, or with tin on ckarcoal.
) Sesquioxide of didymium (rose color).

G.—FUSION WITH SALT OF PHOSPHORUS.

88. The general rules given for fusion with borax apply here.

The salt of phosphorus when first heated fuses in its crystal water, and is so fluid
that it easily falls from the platinum loop. If, however, a small quantity be first
fused upon the wire until it ceases boiling, then the additional quantity needed
will adhere without difficulty. The bead is best placed over the blowpipe flame,
as the uscer.ding vapors that are driven from the salt buoy up the bead and keep
it from falling. :

In general the behavior of the various bodies is quite similar to that with horax ;
there are, however, characteristic differences, as the table shows.

Salt of phosphorus is especially useful in the detection of silica. Mont silicates,
when added to a bead of it and heated, are decomposed. The bases dissolve in tha
flux without interfering with its transparency (unless the substance is in too large
quantity), while the silica, being almost insoluble, floats as a translucent yet dis-
tinet cloud in the bead. It is best observed when the bead is hot. If the alkaline
earths be present, the bead becomes opaque on cooling, but this does not interfere
with the test. It must be borne in mind, however, that silica is soluble, though
but slightly, in salt of phosphorus, and small quantities may, therefore, be easily
overlooked. Also that some silicates, especiully those of alumina and zirconia, are
with difficulty decomposed by it.

\Wken phosphate of soda and ammonia is subjected to the action of heat, the
ammoaia escapes with the water of crystallization, and the readily fusible meta-
phosphate of soda is left behind. This is a powerful solvent, and its action it
juite analogous to that of biborate of soda.

39. With Salt of Phosphorus in O. F'. are given—
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1. CoLorLEss BEaDs BY
(Silica (very slightly soluble).
Alumina, oxide of tin (difficultly soluble).
Hot Buryta, strontia, lime, magnesia, ) when strongly sat}lrated; be-
and glucu}a, yttria, zirconia, thoria, ox- come opaque white by flam-
Cold ide of lanthanum, tellurous acid: ing,
’ Tantalic, columbic, titanic, tungstic, ) when not too highly saturated ;
and antimonous acids, oxides of } otherwise yellowish to yellow
\ zinc, cadmiun, lead, and bismuth : % and colorless only after cooling

2. YELLOW BEADS BY

( Tantalic, columbic, titanie, tung-) .
stic, and antimonic acids, oxides of ( wh.(lm Sh"l}: ty salt(.ilrated, but col-
lead, zine, cadmium, and bismuth : s orless when cold.

Oxide of silver (yellowish) : when cold, opalescent.

Hot. { Oxides of iron and cerium : when slightly saturated ; become colorless
on cooling (strongly suturated are red when hot, and yellow when -
cold).

Oxide of uranium: yellowish green when cold.

| Vanadic acid (dark yellow): paler on cooling.

Cold.  Oxide of nickel : reddish when hot.

3. REp BEADs BY
[ )

Oxides of iron and cerium: when highly saturated; becomes yellow
after cooling.
Hot. Oxide of didymium : rose color when saturated.
¢ nickel (veddish) : yellow when cold.
¢ chromium (reddish) : emerald green when cold.

4. VioLET (AMETHYSTINE) BEAD BY

Hot.  Oxide of manganese (brown violet) :. pale red violet when cold.

5. BLUuE BEADSs BY

Hot. Oxide of cobalt : color unchanged on cooling.
Cold. | ¢  copper (whien strongly saturated greenish blue): green when
hot.

6. GREEN BeaDs BY

(Oxide of copper: blue when cold (when strongly saturated, grecnisl:
blue).
Molybdic acid (yellowish green): paler on cooling
. . - ) According to the degree of satura
Hot. 1 Ox‘tde of 11"(‘)n conta::mng (c:gl:a)l:r tiou, and the velative proportions
« c ir(gxl : of the oxides to each other, the
« copper y green color changes on cooling inte
pale green, blue, or yellow, .
Cold. | Oxide of uranium (yellowish green) : yellow when hot.
sold | « chromium (emerald green) : reddish when hot.

¢ nickel.
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8 FUSION WITII SALT OF PIIOSPHORUS.
90. With Salt of Phosphorus in R. F. are given—

1. CoLorLESs BEADs BY

(Silica (very slightly soluble).

Alumina and oxide of zine (difficultly soluble).

Baryta, strontia, lime, magnesia, glucina, l when strongly satu
Hot yttria, zirconia, thoria, oxide of lautha- - rated become opaque
and num : white by flaming.
Cold. Oxides of cerium, didymium, and manganese.

Oxides of silver, zine, cadmium, indium, lead, % after long heating

bismuth, tantalic, antimonous, and tellu- (otherwiss gray)

rous acids:
| Oxide of nickel (especially on charcoal).

2. YeELLow To RED BEADS BY

( Oxide of iron (yellow to red): when cooling at first greenish, then
reddish.

Titanic acid (yellow) : violet on cooling.

Columbic acid (violet brown): particularly on charcoal.

Vanadic acid (brownish) : chrome green after cooling.

Titanic acid containing iren. | (Yellow): when cold, brown (blood)

Tungstic ¢ ¢ red

| Columbic ¢ “ “ (brownred): dark yellow when cold.

Hot.

*
3. VioLer (AMETHYSTINE) BEADS BY

Col d. Columbic acid (when highly saturated) : faint dirty-blue when hot.
* ] Titanic acid (even by moderate saturation) : yellow when hot.

4. BLUE BEaps BY

Oxide of cobalt : same when hot.
Cold. < Tungstic acid: brownish when hot.
Columbic acid (when very strongly saturated): dirty blue when hot.

5. GREEN BEADS BY

Oxide of uranium : yellowish green when hot.
Molybdie acid : dirty green when hot.
Vanadic acid : brownish when hot.

Oxide of chromium : reddish when hot.

Cnid.

6. Gray or TurBID BEADS, THE TURBIDITY OFTEN APPEARING DURING THE
HeaTiNG BY

Oxides of silver, zine, cadmium, in- ) Reaction best obtained on
Cold. dium, lead, bisinuth, and nickel, anti- charcosl. After long blow-
monous and tellurous acids: ing become colorless.

7. REp BEADS BY

. Oxide of copper (opaque) when strongly saturated, or by aid of lir on
Cold. charcoal.
Sesquioxide of Didymium (rose colored).
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H.—TREATMENT WITH SODA.

91. No attempt is here made to tabulate the phenonmena that may arise in the
treatment of bodies B. B. with carbonate of soda. These phenomena have either
been described in the foregoing tables (sublimation), or are somewhat uncertain in
their production, especially by the beginner (formation of glass with silicates),
or, finally, are of a general nature (reduction of metallic oxides). We therefore
translate substantially what Plattner has written under this head. According to
the nature of the assay, it may either fuse together with or dissolve in soda, as when
containing earths or fixed acid; or a metallic reduction may occur if the assay
consist of reducible metallic oxides.

92, Fusibility with Soda (0. F.). A large number of bodies have the
property to unite with soda at a high temperature, and to give partly fusible,
pattly infusible, compounds.

The fusible bodies are, however, few in number: principally silica, titanic acid,
tungstic acid, and molybdic acid. When the fusion takes place on charcoal,
silica and titanic acid both unite with the soda under effervescence to clear beads.
The silicate of soda remains transparent after cooling if no excess of soda be
present, but the titanate of soda becomes erystalline and’ opagne.

Molybdic and tungstic acids also combine with soda with effervescence, but the
compounds are absorbed by the charcoul. Besides these acids, the salts of baryta
and strontia are fusible with soda, but the mass is absorbed by the coal. Most
salts of lime fuse indeed with soda, but when the acids they contain are stronger
than carbonic acid, they are decomposed ; tho resulting salt of soda penetrates the
coal, while the lime remains as a white mass on the surface.

In trying the fusibility of a body with soda, one proceeds in the following man-
ner: If the body be in form of powder, it is mixed in the palm of the hand with
soda, by means of a moistened knife-blade, to & coherent mass; if the assay be a
splinter or fragment, and does not deorepitate, the moistened soda is spread npon
it ; if it decrepitates it must be pulverized.  In both cases the assay is placed in
a shallow cavity on charcoal, gently hoated until thoroughly dry, and thereupon
intensely ignited in the O. F.  If a fragment has been used, the soda is commonly
absorbed by the coal as it first fuses; but if the assay be solub]e in it, it appears
again and attacks the body with effervescence, and presently fuses witht it to a
globule If too little soda be used in the treatment of a body soluble i this reagent,
a portion of the assay remains undissolved, and surrounded by « clear glass ; i
too much soda has been employed, the l/l(las will become opaque on cooling. 1t is
therefore advisable to add the soda in successive small quantities, and observa
the changes thus produced. Many bodies, especially silicates, which are themselves
difficultly fusible, although their bases are mjuuble dissolve in « little soda to i
dear glass, but with more soda they form a slayqy or infusible mass,

If the assay be insoluble in soda, but decomposable by it, the operator will see
that it gradually swells up and changes its appearance, though it does not fuse to a
globule. If this be the case with an assay uscd in the state of powder, it may not
be certain that it is actually insoluble, because too littlo soda may have been
used ; the mass must therefore be heated with a new portion of soda, or even with
a second or third addition. When this appearance of decomposition occurs with
a fragmont of mineral, the same body must also be heated with soda in the state of
powder.  If the assay is both insoluble and undecomposable, the soda is absorbed
by the charcoal and the body is left on the surfuce unchanged, whether applied as
2 fragment or in powder.

93. Formation of a Hepar (R. F.). The higher sulphides of tho alkulieg
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have long been known by the name of Hepar sulpluris (liver of sulphur), since they
possess a liver-brown color. When soda is fused on charcosl in the R. F. with
any compound of sulphur (sulphide or sulphate), sulphide of sodium is produced,
and if much sulphur was present in the assay the fused’ mass will show the char-
acteristic color of hepar. Whether or not the mass possess this color, whether it
remain on the surface of the coal or be absorbed by it, it is only necessary to
place it on a freshly scraped surface of silver (or to cut out the coal into which it has
sunk, and put it on the silver), and then add a drop of water, in order after a few
moments to recognize the slightest trace of SuLrntk by the production of a yellow
or even black stain of sulplude of silver. Illuminating gas commonly contaius
sulphur-compounds, and when this test for sulphur is employed with gas for fuel,
the soda should always be fused first on coal and tested before uddm«r the assay.
If sulphur should prove to be present the test must be made with a candle or oil-
flame.

94, Reduction of Metallic Oxides (R.F.). The fusion of certain oxides
with soda on charcoal in R.F. furnishes a most ready and delicate means of de-
tecting their presence in minerals and salts.

Some metallic oxides are reduced to the metallic state by heating alone in R. F.
when pure, but with difticulty or not at all when mixed or combined with other
bodies ; by addition of soda, however, the reduction is easy. There are other
oxides that alone are unaltered, but by fusion with soda are reduced to the metallic
state.

If the oxide of lead, for exumple, is fused with soda, there is no difficulty in recog-
nizing the metallic lcnd which will be found in globules on the surface of the char-
coal. Oxide of iron yiclds, however, metallic iron which cannot be fused, and the
fusible metals often escape the eye when present in small quantity. The operator
must therefore employ the method of Gahn, as follows.  The finely pulverized sub-
stance is mixed with soda and a drop of water to a paste, which is laid in a cavity
on charcoal, and strougly heated in the R. F. The soda commonly sinks into the
charcoal ; more is added at intervals, until the assay has nearly or completely dis-
appeared in the pores of the coal. A drop or two of water is now put upon the
place, and all those parts of the coal near the cuvity which have absorbed the
assay are cut out into the agate mortar, and pulverized with addition of water to
a fine powder. The water is now carcfully decanted, or the mortar is held beneath
the surfuce of water contained in a clean bowl, and gently moved to and fro, so
that the coal dust is washed away from any metallic particles thut may be in the
niortar. By careful washing even the smallest quantity of copper, tin, or lead may
be seen remaining in the mortar in the shape of flattened globules. If the metal
be infusible or brittle, it will be found as a heavy, lustrous powder.

The nature of the mectal can be determined by its physical properties; or the
particles may be dissolved in borax or salt of phosphorus, and tested as already
described.  Often the sublimate that is deposited about the assay will give a clue
to the kind of metal under examination.

Iron, cobalt, and nickel are obtained as metallic powder which is lifted by the
magnet (best tried under water).  Copper is recognized by its red color; Tin and
Lead flatten under the pestle; Bismuth and Antimony are brittle, and present
themselves as powder.  Besides these metals, Molybdenum, Tungsten, Tellurium,
Indium, Zine, and Cadmium, aud the noble metals, ure also reduced by treatment
with soda. Antimony, Tellurium, Bismuth, Indium, Lead, Zine, and Cadmium
volatilize partly or completely, and yield chavacteristic sublimates. Zinc and Cad-
mium usually volatilize entirely. Arsenic and Mereury are also reduced, but must
be heated with soda in a tube, in order to collect the sublimates, which are metallie
arscnic and mercury.
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‘When several metals are together, they usually form an alloy. Copper and iron
are, however, obtained distinct. If the assay contained arsenate of cobalt or nickel,
fusible metallic globules are obtained, which are always brittle from presence of
arsenic. The reactions with borax and salt of phosphorus must be the final resort,

-and it may happen that only the experienced operator will be able to make out
satisfactorily the nature of a metallic mixture, such as may result from a reduction
with soda.

PraTTNER directs attention to the three following points, as needful to be care-
fully attended to in successfully conducting the operation in question:

1. The operator must keep the assay a sufficiently long time exposed to the
action of a strong R. F.

2. In cutting out and pulverizing the fused mass, and in washing the same, the
greatest care must be exercised that no metallic particles be lost; and,

3. The remaining metal, whether in form of scales, grains, or powder, must be
examined with help of a lens, and tested by means of the magnet, and if needful by
fluxes (borax and salt of phosphorus).

To acquire skill in the detection of copper and tin by reduction with soda (it is
most applicable for finding small quantitics of these metals especially), the beginner
should practise with mixtures of a copper ore or salt with increasing quantities of
feldspar or some other body free from metallic oxides. One or two per cent. of tin,
and much less copper, can be detected in the quantity usually employed for blow-
pipe assays.

95. For convenience of reference is added lere a tabular view, translated from
Plattner, of the behavior of the earths and metallic oxides when treated succes-
sively, (1) alone on charcoal or in the platinumn forceps; (2) with borax, and (3)
with salt of phosphorus on platinum wire; (4) with soda, and (5) with cobalt
solution ; the special reactions of the alkalies will be given under appropriate
heads in the next chapter. In the table the sign O, given under some of the heads,
indicates that no reaction is observed with the substance.
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Chapter 3.

ALPHABETICAL LIST OF ELEMENTS AND COMPOUNDS,

WITH THE MOST CHARACTERISTIC BLOWPIPE AND OTHER REACTIONS EMPLOYED IN
THE FOLLOWING TABLES FOR THE DETERMINATION OF MINERAL SPECIES.

96. Alumina. The only characteristic blowpipe reaction is the blue color
it assumes when ignited with cobalt solution. It may be thus detected in most
minerals of which it is a large ingredient, provided they are infusible and do not
contain too large a quantity of colored metallic oxides, or of magnesia. Very hard
minerals, like corundum, must be finely pulverized (79). From acid solutions,
when neutralized with aminounia, alumina is thrown down as a flocculent white
precipitate.

97. Ammonia. The slight green tinge that salts of ammonia impart to the
blowpipe flame (76) is too faint and uncharacteristic to serve for their detection.

Ammonia is reccgnized by its well-known odor. The body to be tested is mixed
with dry soda, the mixture placed in a closed glass tube, and gently heated, when
the ammonia is evolved in the gaseous state, and may easily be recognized by its
characteristic odor, as well as by the alkaline reaction it gives with readened
litmus and with turmeric paper.

It must be borne in mind that organic substances containing nitrogen yield
ammonia when ignited with soda.

98. Antimony. 1. Is alvlost invariably recognized by its characteristic
sublimates. The body should be tested first in the open tube (74, 2, c); after-
ward, and generally in case of metallic compounds, on charcoal (75, 3, d).

2. Where antimony 1s combined with bismuth and lead, it is best detected by
treating the substance with fused boiic acid on charcoal, in such a manner that the
flux is covered with the blue flame, and the metallic globule lies at its side partly
out of the flame. The oxides of lead and bismuth are absorbed by the boric acid,
and the charcoal becomes coated with a sublimate, which, when the blowing has not
been too strong, consists of oxide of antimony, entirely free from the oxides of
lead and bismuth.

3. A small quantity of antimony, combined with copper or with other metals
which retain it strongly, may volatilize so slowly that no sublimate forms on the
charcoal. Under these circumstances, the alloy is heated in O. F. with a bead
of salt of phosphorus, until the latter has dissolved a part of the antimony. The
glass is then removed to a clean place on the charcoal and treated with tin in R.
F. If the glass becomes turbid and black, antimony is indicated. Bismuth, how-
ever, gives the same reaction.

4. In examining sulphide of lead for antimony, compare 118, 2.

5. Compounds of antimony and arsenic, beated for a short time in the open
tube, yield a mixture of crystals of arsenous acid and amorphous antimonous
acid. A small amount of antimony mixed with sulphide of arsenic is detected by
gently heating the dry mixture in a closed tube; the sulphide of arsenic volatilizes,
while the dark-colored sulphide of antimony mostly remains where the assay was
placed. The tube is then cut off between the two sulphides, and the sulphide of
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antimony is transferred to an open tube and tested as usual. When the quantity
is extremely small the tube is crushed, and the fragments with adhering sulphide
are introduced into the open tube.

99. Arsenic. 1. The testing in open tube (74, 2, a), closed wube (73, 11, f),
and on charcoal (75, 5, ¢), usually lead to its detection.

Arsenous and arsenic acids and their salts, as well as the sulphides of arsenic, are
examined by pulverizing and placing them in a glass bulb, covering them with six
fimes their weight of a dry mixture of equal parts of cyanide of potassium and
carbonate of soda. The bulb should not be more than balf filled with the mixture
(Fig. 23). Itis first gently heated ; if moisture is given off, it is removed by inserting
1. piece or roll of bibulous paper. It is again gently warmed, and if necessary
viiped out with paper, and the operation repeated until the mixture is perfectly
dry. Finally, the bulb is heated strongly for some minutes in the spirit-Jamp oz
Ilowpipe flame; a mirror of metallic arsenic deposits in the cool part of the
tube. If the tube be cut off between the mirror and the sealed end by notching
with a file and breaking, and the mirror be heated in the spirit-lamp, the arsenical
edor will then be perceptible.

Fig. 23. Fig. U,

2. Arsenous acid can also be detected by introducing the assay into a closed
glass tube drawn out to a small diameter (Fig. 24), and inserting a splinter of
charcoal above it. The charcoal is first heated and then the assay; the arsenous
acid is reduced s it passes over the hot charcoal and is deposited as in the previous
case as a metallic mirror,

3. The higher arsenides, when treated in the open tube, yield a sublimate of
arscnous acid, but the lower arsenides of nickel, cobalt, and iron do not part with
their arsenic at a high temperature, even in the presence of reducing agents; and
for its detection in these cases Plattner reccommends the following method:
Mix the finely divided assay with five times its weight of nitrate of potassa, and
heat as intensely as possible in a platinum spoon. The metals are thus oxidized
and the arsenic becomes arsenic acid. The spoon with the fusion is now boiled
with water, until it is as far as possible dissolved. The liquid containing all the
arsenic as arsenate of potash is decanted or filtered from the insoluble metallic
oxides, and, 1. Evaporated with addition of a few drops of sulphuric acid (enough
to expel all nitric acid) to dryness in a porcelain capsule ; the residue is pulverized,
mixed with cyanide of potassium and carbonate of soda, and heated as just de-
scribed; or, 2. It is made slightly acid by acetic acid and boiled to expel any
carbonic acid, and a crystal of pure nitrate of silver added, when a reddish-brown
precipitate of arsenate of silver will be formed.

4. A small awmount of arsenic in the presence of mach sulphur is often difficult
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to detect by its odor on charcoal. In such cases it is best to mix the assay with
an excess of carbonate of soda, which will retain the sulphur, and the arsenicai
fumes can then be easily recognized. .

100. Baryta. All the salts of baryta except silicates yield the characteristic
yellowish-green coloration of the flame. When observed through copper-green
glass the baryta flame appears bluish green.*

In Harmotome and Brewsterite, baryta is detected by dissolving the finely pul-
verized mineral in pure hydrochloric acid with aid of heat, filtering the solution and
udding dilute sulphuric acid; a white precipitate of sulphate of baryta is formed,
which may be collected upon a filter, washed, and then examined for the colora-
tion of the flame.

Strontia may interfere with the baryta reaction, The presence of the sul-
phate of baryta with the sulphate of strontia can be detected by fusing the mix-
ture with three or four parts of chloride of calcium in a platinum spoon, and boil-
ing the fused mass with water. If a cloudiness is produced, by adding to the
clear dilute solution a few drops of chromate of potassa the presence of baryta is
indicated. Stroriia is only precipitated from the concentrated solution (Chapman).

101. Bismuth. 1. Bismuth is detected by the characteristic lemon or orangs
yellow sublimates which it and its compounds give when treated alone or with
soda on charcoal in R. F. (75, 5, g). The presence of other easily oxidizable metals
may mske this reaction uncertain; the wet way must then be resorted to, and
for this purpose the pulverized compound is digested for some time with hot
nitric acid, the liquid poured off from any undissolved matters, or if necessary fil-
tered, then evaporated almost to dryness, and the concentrated liquid poured into
a test-tube half filled with water. If bismuth be present, a white precipitate of
basic nitrate is formed, which may‘be collected on a filter, washed with pure
water, and examined on charcoal. If the precipitate be small, it should be gathered
into the apex of the filter; the latter is then dried, the part containing the preci-
pitate torn off, and tested on charcoal.

2. If a compound of bismnuth be treated with a mixture of equal parts of iodide .
of potassium and sulphur, and fused B. B, on charcoal, a beautiful red sublimate of
the iodide of bismuth will be deposited.t

3. In the presence of lead and antimony bismuth can be detected in the follow-
ing manner : The mixture of the three oxides is added to an equal volume of sul-
phur and treated in a cavity upon charcoal with R. F.; the oxides are thus con-
verted into sulphides, The assay is then placed upon a flat coal and treated with
the O. F. and R. F. until the antimonial fumes have nearly ceased. The residue
is placed in a mortar and pulverized, and mixed with an equal volume of a mix-
ture of one part of iodide of potassium and five of sulphur; it is then heated in
an open glass tube, and if bismuth be present, a distinct red sublimate of iodide
of bismuth will be deposited a short distance above the yellow sublimate of lead.
The sublimate of iodine which is liable to be deposited higher up the tube must
not be confounded with the bismuth sublimate.}

Ses also 98, 3.

102. 1. Boric (boracic) acid is recognized by the intense yellowish-green color
it or its compounds with fluorine communicate to the flame. This color is given
to the outer flame by most borates, provided they do not contain an ingredient
which of itself tinges the flame.

* The strips of colored glass alluded to in this chapter are such as are used for colored
glass windows, a cobalt-blue glass, n green glass colored either with oxide of copper or iron,
and a red glass colored with red oxide of copper. Strips 3 x 6 inches are a convenient size.

Von Kobell. Journal fiir Praktische Chemie (2), I1I. (1871), 469,
Coruwall. Am. Chemist, March, 1872,
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2. Bornte of soda alone tinges the flame pure yellow, but if it be moistened
with sulphuric acid or mixed with bisulphate of potash, boric acid is set free, and
the green color is instantly produced.

3. Silicates in which the above methods fail to indicate the boric acid, are re-
duced to a fine powder, the assay mixed with its own vulk of pulverized fluor-spar,
and three times its bulk of bisulphate of potash; the whole is moistened to a
paste, a portion of which is taken on a platinuin loop, and at first gently heated to
dry it, then more intensely in the edge of the blue flame. At the instant of fusion
the green coloration appears, but is usnally only momentary, so that the observer
must direvt his attention closely to the assay during the ignition.

4. Asin the above triuls copper and phosphoric acid may be mistaken for boric
acid; it is sometimes best to use Rose’s test with turmeric paper. To the solution
of any borate hydrochloric acid is added until the liquid gives a distinct acid re-
action (till blue litmus is reddened by it); a strip of turmeric paper is half immersed
in the solution for some time, and the paper dried at a gentle heat (not over 212° F.).
The smallest trace of boric acid gives the immersed portion of the paper a red-
dish-orange color.  Silicates are fused with carbonate of soda in a platinum
spoon, the mass is boiled with water until it is as far as possible dissolved, the
solution is then supersaturated with hydrochloric acid, and tested as above.

The orange or reddish-orange color thus produced must not be confounded
with that communicated to turmeric paper : 1st. By alkaline solutions. 2d. By
acid solutions of zirconia (158). 3d. By moderately strong hydrochloric acid.

5. If alcohol is poured over a borate with the addition of a sufficient quantity
of concentrated sulphuric acid to liberate the boric acid, and. the alcohol kindled,
the flame, particularly on the edges, appears of a very distinct yellowish-green
color, especially upon stirring, and upon heating the alcoholic mixture,

103. Bromine. 1. When bromides are added to a bead of salt of phosphorus
which has previously been saturated with oxide of copper, and the blowing con-
timied, the bead becomes surrounded with a beautiful blue flame inclining to green

Nﬁn the edges, and this color continues so long as any bromine remains. As these
reactions may be confounded with those given by chlorine, Berzelius recommends
fusing the substance under examination with dry bisulphate of potash in a glass
bulb. If a metallic bromide is present, bromine and sulphurous acid ave set free,
and the glass bulb becomes filled with a yellow vapor of bromine, which, although
mixed with sulphurous acid, may be distinctly recognized by its characteristic
odor. As a confirmatory test, if moistened starch or starch paper be exposed to
these vapors yellow bromide of starch will be formed.

2, If a soluble bromide be placed upon a piece of clean silver along with a
fragment of sulphate of copper or sulphate of iron, the silver becomes almost im-
mediately coated with a black stain.

104. Cadmium. This metal can only be detected as oxide, as it is vola-
tilized at a comparatively low temperuture, The substance for examination in a
pulverized state is heated in the R. F. on charcoal, whereby metallic cadminm is
volatilized, and immediately on coming in contact with the atmosphere is con-
verted into oxide which gives the characteristic coating on coal (79, 5, j).
Should the substance contuin not more than one per cent. of cadmium, as for in-
stance in many zinc ores, it is best to mix the powder with soda and heat carcfully
in the ., F., when the coal near the assay becomes coated with a sublimate of
oxide of cadmium before any sublimate of zinc is formed, cadinium being much
more volatile than zinc.

Caesia. This vare alkali imparts a beautiful violet to the blowpipe flame,
and when mixed with potassa and rubidia can only be distinguished by the
smployment of the spectroscope.
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105. Carbon and Carbonic Acid. 1. Carbon in the form of diamond or of
graphite, disappears when heated for some time B. B.; the former leaves no resi-
due, the latter generally more or less of a red ash.

Fused with nitrate of potassa, carbon detonates, forming carbonate of potassa.
Carbonates effervesce when treated with dilute hydrochloric acid ; u few require tc
b;a pulverized, and in some cases heat is necessary before the eflervescence * takes
place.

2. Some carbonates lose their carbonic acid by simply heating in the closed
tube ; in these cases it may be detected by inserting a strip of moistened litmus
paper in the tube, when the blue color will be changed to red, but on drying the
original blue color will be restored.

3. Organic substances, except oxalates and formates, decompose in the closed
tube, yielding a burnt odor, and usually oily products. Anthracite gives off
moisture, but no empyreumatic oil. (See Coal, in the tables, chapter iv.)

106. Cerium. When in combination with other earths, cerium cannot with
certainty be detected B.B. In most silicates where it, with lanthanum and didy-
mium, occurs in considerable quantity, it may be readily detected after separation
of silica and precipitation by ammonpia, by treating the washed ammonia precipi-
tate with oxalic acid, which dissol\imt iron with alumina, leaving the cerium
earths as insoluble oxalates ; this re#lue when washed and ignited gives a cinna-
mon-brown powder, which is the characteristic color of sesquioxyd of cerium.

107. Chlorine. 1. Chlorides, like bromides, may be detected by adding a
small portion of them to a bead of salt of phosphorus which has previously been
saturated with oxide of copper; the bead becomes instantly surrounded with a
beautiful and intense purplish-blue flame, without any of the tinge of the green
which is observed in examining a bromide.

2. The soluble chlorides give the same reaction as described under bromine with
sulphate of iron and copper on a silver plate.

3. Nitrate of silver produces, even in highly dilute solutions of hydrochloric
acid or metallic chlorides, white curdy precipitates of chloride of silver, which upon
exposure to the light change first to violet and then to black.

108. Chromium. 1. Chromium is detected by the emerald-green color which
its compounds impart to the borax and salt of phosphorus beads. Chromium must
not be confounded with vanadium, which gives the same reactions in R.F., but
differs by yielding a yellow bead with salt of phosphorus in O. F., which flux never
acquires other than a green color from chromium.

2. Minerals containing but little oxide of chromium associated with other metals
which color the fluxes, are best treated by fusing on platinum wire or in a plati-
num spoon with a mixture of equal parts of soda and nitre. The mass is heated
for some time in O. F., whereby chromic acid is formed. The fusion is dissolved in
water, and the solution poured off from the residue ; to this solution a drop or two
of acetic acid, and afterward a crystal of acetate of lead, are added, when a lemon-
yellow precipitate of chromate of lead is formed. This may be collected on a filter,
washed, and tested with borax and salt of phosphorus.

3. A mineral which contains a small amount of chromium, and is not decomposed
by nitre, is fused with one and a half times its volume of soda and three-fourths its
volume of borax to a clear bead ; this is pulverized, dissolved in hydrochloric acid,
and evaporated to dryness, dissolved in water; the residue of silica filtered off;
the protochloride of iron changed to sesquichloride by boiling with a few drops of

® Care must be taken not to confound minerals which contain a carbonate as an impurity
with pure carbonates. If the substance under examination be a pure carbonate it cun bo
oompletely dissolved in nitric acid, and effervescence will continue so long as any portion re-
mains undissolved.
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nitric acid, and the chromiumn, alumina, iron, etc., precipitated with ammonia.
The precipitate is collected, and tested as above,

109. Cobalt. 1. In most cases can be recognized by the characteristic blue
bead it gives in both flames with borax. This color is variously modified by other
metals. ’

2. Should iron be present, the glass will appear green while hot, und blue when
cold, If the substance contains copper or nickel, the cobalt-blue color can hardly
be perceived, and the bead must be treated on charcoal, with tin in R. F., until it
becomes transparent, and effervescence has ceased. The copper and nickel will be
reduced to the metallic state, and the glass will have a perfectly pure blue color.

3. Compounds of cobalt with arsenic, and arsenides of other metals, when fused
upon charcoal until arsenic fumes cease to be given off, then treated with borax in
R. F., give, when freed from iron, a pure smalt-blue color ; if iron be present it
will be oxidized before the cobalt, and the bead will have a bottle-green color.
The metallic globule is then treated with a fresh quantity of borax, and this opera.
tion is repeated until the bead gives a pure cobalt reaction.

In testing metallic nickel for cobalt it is necessary to combine the nickel with
arsenic, which may be done by mixing the finely divided nickel with metallic
arsenic, placing it in a depression in the charcoal, and fusing in R. F. The fused
globule is then tested with borax, as just described in case of an arsenide. The
volatile metals in combination are recognized by their sublimates on charcoal.

110. Columbium. It a mineral which contains columbic acid be powdered
and fused with bisulphate of potassa, the fused mass powdered and dissolved in
water, the columbic acid, and tantalic acid if present, will be insoluble; while
the bases and titanic acid, if present, will be dissolved, and can be thus separated.
The residue is treated with sulphide of ammonium, to free it from tungstic
acid and oxide of tin, if these be present, and after filtration and thorough
washing it is treated with dilute hydrochloric acid to remove traces of iron.
The residue is treated with hydrochluric and sulphuric acids, with the addi-

“tion of metallio zinc. If only a tantalate be present, no coloration ensues, or
but a slight one. If a columbate is similarly treated, the separated columbic acid
rapidly assumes a blue color, which gradually fades, and finally becomes brown.

111. Copper. 1. The green color which most copper compounds give to the
Llowpipe tlame, and the reactions of its oxides with the fluxes, render its presence
easily detected. The production of a red bead with salt of phosphorus in R. F.
is rendered’more certain by the treatmeunt of the bead on charcoal with a small
amount of tin.

2. Copper may also be detected by saturating a salt of phosphorus bead with
the substance containing it, and adding chloride of sodium, when the bead will
color the flame beautifully blue, owing to the formation of chloride of copper.

Many minerals give this reaction by simply moistening in hydrochloric acid and
exposing in the platinuin forceps to the flame; silicates should be first pulverized,
moistened with hydrochloric acid, and evaporated to dryness in a porcelain cap-
sule ; then made into a paste with water, and heated on platinum wire.

3. In case the copper is combined with nickel, cobalt, iron, and arsenic, the
greater part of the cobalt and iron may be separated by treating with borax on
charcoal. The remaining metallic globule is fused with a small quantity of pure
lead, and then boric acid is added ; this last dissolves the lead and the rest of the
cobalt and iron, while most of the arsenic is volatilized. The cupriferous nickel
globule, which still may contain a little arsenic, is treated with salt of phosphorus
in O. T.; the bead obtuined will be dark green while hot and clear green when ¢
This last green is caused by a mixture of the yellow of oxide of nivkel and W‘u
of oxide of copper.
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4. According to Guericke,* a very delicate test for copper is to mix the sub-
stance under examination intimately with chloride of silver, and fuse on iron wire;
in this manner the smallest quantity of copper mav be detected by the blue colo-
imparted to the flame.

112. Didymium. See p. 36.

113. Erbium. See Yttria. .

114. Fluorine. 1. Hydrofluoric acid imparts to Brazil-wood paper a straw-
yellow color.  Bilicates containing oven a small quantity of fluorine, when heated
in the closed tube, give off hydrofluo-silicic acid; this is decomposed into silicic
acid, which is deposited near the assay and hydrofluoric acid, which passes off,
and the latter may be detected by inserting a strip of moistened Brazil-wood
paper at the open end of the tube.

2. When fluorides are heated in a glass tube with bisulphate of potash, hydro-
fluoric acid is given off. This etches the tube immediately above the assay, and
gives the reactions with Brazil-wood paper just mentioned.

3. The best method for the detection of fluorine in all cases is to mix the assay
with previously fused salt of phosphorus, and heat in the open tube in snch a
manner that the flame passes into the end of the tube.

In this way hydrofluoric acid is formed; it may be recognized by its peculiar
pungent odor and its corrosive action on the inuer surface of the glass tube, ren-
dering it opaque and lustreless at the points where moisture has condensed. For
a confirmatory test the reaction with Brazil-wood paper may be employed.

As the heat required in this experiment is so great that the glass tube often
becomes soft and unmanageable, it has been recommended to use a picce of plati-
num foil rolled together and inserted into the end of the glass tube, as in Fig. 25.

Fi1a. 2.

The substance to be tested is placed with the flux upon the projecting part of
the foil, and the flame directed as hefore.

115. Glucina gives no reactions which admit of being determined B. B. with
certainty (see page 33). It is not of frequent occurrence, being only found in com-
bination with silica and alumina.

116. Gold may usually be recognized by its physical characters. It is sepa-
rated from the easily volatile metals by simple heating on charcoal in O. F. If
associnted with copper or silver, it must be fused with a large excess of metallic
lead and subjected to cupellation (see 142). The copper becomes absorbed and

es off with the lead, while the silver remains alloyed with the gold. If the
globule is quite yellow it is proof that but little silver is present; it is then to be
tested with salt of phosphorus to prove the presence of silver, which after fusion
will impart an opaline appearance to the cool bead. If it be more of a silver color,
the amount of gold will be small, and in order to prove its presence the globule
must be digested with hot nitric acid in a test-tube or porcelain capsule; the
gilver is thus dissolved, and the gold remains in a fine powder or as a -pongy
mass. If this powder be washed and fused with borax on charcoal it will yicld
a globule of metallic gold. In combination with infusible metals, st ... as platinum,
iridium, palladium, and rhodium, the alloy obtained B. B. is less {usible. For their
separation the wet reagents must be employed.

117. Indium. Colors the flame beautiful violet. (See table, p. 36.)

* Pharm. Centralblatt, 1855; 193.
4 .
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118. Iodine. 1. Iodides, added to a bead of salt of phosphorus which has pre
viously been saturated with oxide of copper, tinge the outer flame an intenso
emerald-green color. (Compare bromine and chlorine, 103, 107).

2. Todides, like bromides, are decomposed by fusion with bisulphate of potash;
free iodine is liberated, and may be distinguished by its characteristic violet color
and its disagreeable odor. If an iodide be added to a mixture of carbonate of
lime and caustic lime, then intimately mixed with a small quantity of chloride of
mercury and heated in a closed tube, iodide of mercury will be sublimed ; this is
easily recognized by its first yellow and then red-yellow color. It-is best to
draw the tube out to a narrow neck a short distanco from the assay, and for the
success of the experiment it is necessary that all the substances employed be per-
fectly free from moisture. This test is said to be even more delicate than the
starch test, which is used in the wet way.

9. 1. Iron is distinguished by the characteristic color its oxides impart, to
borax and salt of phosphorus, as well as by its compounds yielding a magnetic
powder with soda on charcoal. (See treatment with soda, 94.)

2. In the presence of easily reducible metals, such as lead, tin, bismuth, anti-
mony, or zinc, iron may be detected by treating the assay with borax and char-
coal in R. F.; until everything except the iron has been reduced, when the borux
glass will have a bottle-green color. If the substance contains much tin, or if the
bottle-green glass is fused with tin-foil in R. F., the iron becomes entirely reduced to
protoxide, and the bead has a pure vitriol-green color.

3. In case the substance contains cobalt, nickel, and copper, the two latter will
be reduced by the tin, while the cobalt will color the bead blue. To detect the
iron it is only necessary to heat a portion of the blue bead, with addition of fresh
borax, ou platinum wire in O. F.; the bead will be green while hot and blue on
cooling.

4. To distinguish the presence of protoxide of iron in minerals, Chapman
recommends the following method :—* A small quantity of black oxide of copper
is dissolved in a bead of borax and platinum wire so as to form a glass which
exhibits, on cooling, a decided blue color. To this the test-substance in the form
of powder is added and the whole is exposed for a few seconds, or until the test-
matter begins to dissolve, to the point of the blue flame. If the substance con-
tain protoxide of iron it will be converted into sesquioxide at the expense of some
of the oxygen of the copper compound, and opaque red streaks and spots of red
oxide of copper will appear in the glass, as the latter cools. If only sesquioxide
of iron is present, the glass on cooling will remain transparent, and will exhibit a
bluish-green color.

120, Iridium. (See p. 36.)

121. Lanthanum. (See page 37.) .

192. Liead. 1. Compounds of lead give globules of metallic lead when heated
with soda on charcoal B. B. It is recognized by its physical properties, as well as
the characteristic coating it gives upon the coal (75, 5, ). The coating is
modified by the presence of various other volatile metals. In the presence of zinc,
the characteristic color of the lead coating is recognized on cooling, since the oxide
of zinc becomes white. In the presence of bismuth, the oxide of which often ob-
scures the lead, it is detected by heating the sublimate in the R. F., when the flame
will be tinged with the azure-blue color which is characteristic of lead in the ab-
sence of selenium. The presence of selenium in such cases is evident from ius
odor.

2. Combinations of sulphide of lead with other metallic sulphides are tested for
lead by treating in the R. F. either alone, or with borax to separate iron ; und the
leaa is recognized by its coating. In such combinations the oxide of lead is sur
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rounded by a white coat of sulphate of lead, which renders the presence of small
amounts of antimony uncertain. The safest way under such circumstances is to
mix the powder of the substance with soda, which rete‘ns the sulphur; this mixture,
when treated in the R. F., gives the pure lead coat, and if antimony is present it
is detected by its white sublimate beyond the sublimate of oxide of lead.

3. In solutions of the salts of lead, sulphuric acid gives a white precipitate of
the sulphate of lead, which is nearly insoluble in water and dilute acids. It is
best to add a considerable excess of dilute sulphuric acid, evaporate the solution on
a water-bath, and add water to the residue, when delicate tests are to be made in
the wet way.

193. Lime. Lime imparts a characteristic yellowish-red color to the flame.
‘When observed through copper-green glass the lime flame appears siskin-green ;
with cobalt-blue glass it is pale greenish-gray, and is almost entirely obscured.
Many lime salts react alkaline to test papers after ignition. It is distinguished
from baryta and strontia in the wet way, by the fact that sulphuric acid gives
no precipitate in dilute hydrochlovic solutions. Sulphuric acid gives a precipi-
tate in the concentrated solution which distinguishes it from magnesia.

124. Lithia. The red color which pure lithia salts give to the flame is more
or less modified or entirely obscured when mixed with other substances. Seen
through green glass the lithia flame appears orange colored, with red glass is col-
ored deep red, but with cobalt glass of sufficient thickness the flame is invisible.
Silicates containing only a little lithia scarcely color the flame red; but if the
pulverized mineral be mixed with one part of fluor-spar and one and one-half of
bisulphate of potash, the whole made into a paste with a little water and exposed
on platinum wire to the point of the blue lame, the outer flame will be colored
distinctly red. Chapman has proved that the lithia flame, unlike strontia, is not
obscured by the presence of baryta. He suggests fusing lithia minerals with
chloride of barium ; the phosphate, triphylite, when thus treated gives a beauti-
ful crimson color.

125, Magnesia is recognized by its reaction with nitrate of cobalt (80, 2).

In combination with other earths, the wet way must be employed for its detec-
tion. Sulphuric acid does not produce a precipitate in its concentrated solution.

126. Manganese. The reactions of manganese with the fluxes are so
peculiar and delicate that it may be recognized even when it exists in the smallest
quantity, and in the presence of almost every other subistance. The soda test in O.
F. on platinum wire is the most delicate. If a reaction be not obtained with soda
alone, a small fragment of nitre should be added to the assay, and the mass
again heated. 'When testing substances which do not dissolve readily in soda it is
well to udd a little borax to the bead, and this also makes the test much more
delicate (Chapman).

127. Mercury and amalgams give a sublimate of metallic mercury when heated
in a closed tube. Compounds of mercury heated in a closed tube with soda yield
metallic mercury, which condenses on the tube above the assay. When a gray
sublimate is obtained, without distinct metallic globules, the part of the tube
coated with it is cut off and boiled in a test tube with a little dilute hydvochloric
acid; by this treatment the mercury collects into shining globules. In case mer-
cury exists in so small a quantity that the sublimed metal is not perceptible, it
may be detected by inserting a piece of gold-leaf held on the end of an iron wire
into the tube, just above the assay; on heating, the mercury is volatilized and
unites with the gold, giving it a white color.

128. Molyhdenum. The sublimate which molybdic acid gives on charcoul
{15, 5, m) and its reactions with borax and salt of phosphorus serve to distinguisb
it in mosat instaunces,
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‘When it is present in small quantity, particularly when associated with copper
and tin, as in some furnace products, it is necessary to have recourse to the wet
way. The solution of a mineral containing molybdenum in hydrochloric acid, or
the hydrochloric solution of the fusion with nitre and soda of an insoluble sub-
stance, when boiled with tinfoil is colored dark blue by the separated molybdate
of molybdenum (compare Tungstic Acid, 153). Molybdic acid can also be re-
cognized by heating the finely pulverized substance in a porcelain dish with con-
centrated sulphuric acid, and then addiug alcohol. The fluid when cold acquires
a fine azure-blue color, especially upon the sides of the dish.

129. Nickel may be recognized by the color its oxide imparts to borax and
salt of phosphorus, together with its easy reduction to the metallic state in R. F.

Arsenical compounds of nickel, cobalt, iron, and copper are treated with glass
of borax (see Cobalt, 109). When the borax is no longer colored blue from
cobalt, but acquires a brown color, which is violet when hot, the metallic globule
is separated from the borax, and treated with salt of phosphorusin O. F. If
copper as well as nickel be present in the assay, the glass thus obtained will be
green buth while hot and cold; treated with tin on charcoal it will become red
und opaque on cooling. A small quantity of nickel oceurring in cobalt compounds
cannot always be detected by the foregoing method. In such cases Plattner re-
commends saturating one, or if necessary several borax beads with the substance
on platinum wire. The beads are then fused on charcoal in R. F. with from 50 to
80 milligrammes (0.75 to 1 grain) of fine gold ; the oxide of nickel, together with
a small portion of the cobalt, is reduced to the metallic state and unites with the
gold. The metallic globule is then freed from the flux and treated on charcoal in
O. F. with salt of phosphorus. The bead itself will be colored blue, as cobalt is
easier oxidized than nickel, or perhaps if a little nickel be also oxidized it will
be dark violet while hot and dirty green on cooling; in both cases the globule is
separated from the flux and treated with a new portion of salt of phosphorus.
If the original bead with borax was not too saturated, this second bead with salt
of phosphorus will be of a pure nickel color. Should copper as well as nickel be
present in the gold globule, the salt of phosphorus bead will be green while hot,
and retain its green color on cooling ; treated with tin in R. F. as before described,
the bead will become red.

130. Nitrates. When nitrates are fused in a glass tube with bisulphate of
potash, dark rveddish-yellow nitrous fumes are evolved. The color is best observed
by looking lengthwise through the tube held against a white ground.

All nitrates detonate when heated on charcoal ; those of the alkalies and alkaline
earths detonate violently, and are converted into carbonates.

131l. Osmium. Sec p. 39.

132, Oxygen, Oxygen is evolved from some compounds by simple ignition.
The substance under examination is placed in a closed tube with a bit of charcoal
above it, the charcoal is first brought to ignition, and then the substance is heated,
when, on liberation of oxygen, the ignited splinter of coal will glow with increased
brilliancy.

133. Palladium. Sece p. 39.

134. Phosphates. 1. The green color (76, 4, /) which phosphates give to
the flame serves in many cases for their detection. This coloration is heightened
by the addition of a drop of concentrated sulphuric acid, but is rendered unsatis-
factory in the presence of other substances giving a green tlame.

2. If a pulverized phosphate is fused in a closed tube with a bit of metallic
magnesium or sodium, the phosphoric acid will be reduced, and if the fused mass
an cooling is moistened with water, phosphoretted hydrogen will be given off,
tecoguizable by its characteristic disagreeable odor.
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3. When a few drops of neutral or acid solution containing phosphoric acid are
poured into u test tube filled to the depth of an inch with a solution of molyb-
date of ammonia with nitric acid, there is formed in the eold or after a short time
a pulverulent yellow precipitate of phospho-molybdate of ammonia. The reaction
is hastened by very gently warming, care being taken not to heat above blood
heat., A yellow coloration of the fluid must not be regarded as proof of the pres-
ence of phosphoric acid, since silicic acid produces a strong coloration, but it does
not give a precipitate. Arsenic acid gives the same reaction.

135. Platinum, See p. 39.

136. Potassa may often be detected by the violet color it communicates to the
flame. In presence of other bodies that tinge the flame, especially soda nd lithia,
this reaction is masked. The potash flame when observed through cobalt-blue
glass * appears purple, and may thus be easily detected even in the presence of
lithia and soda. With green glass it is colored azure blue, and with red glass
deep red.

In presence of soda, potassa may be recognized by fusing borax with addition of
a small quantity of boric acid on platinum wire, then adding enough oxide of
nickel $ to make the glass brown when cold ; the substance is dissolved in the bead
thus obtained ; if potassa be present it will be of a beautiful blue color on cooling.
With soda alone a brown bead will be obtained.

For the detection of potash in compound substances it is often necessary to
have recourse to the wet way. Bichloride of platinum produces in the neutral
and acid solutions of the salts of potassa a yellow crystalline heavy precipitate of
the platinchlovide of potassium. Very dilute solutions are not precipitated by
this reagent, hence they should be evaporated before testing; or better, evaporate
to dryness after addition of the reagent and then dissolve the residuc in alcohol,
in which the platinchloride is insoluble.

137. Rhodium. See p. 39.

138. Rubidia. This rare alkali gives B. B. a violet flame, and when mixed
with cmesia and potassa can only be dlstm"ulslned by spectroscopic examination.

139. Ruthenium. Sce p. 39.

140. Selenium. The reaction for selenium on charcoal (75, 5, a) is so charac-
teristic that the slightest traces of it can thus be detected.

Selenites and selenates are reduced to selenides on charcoal in R. F. with the
characteristic odor of sclenium.

141. Silica. 1. When silica is heated with soda, a clear glass is obtained if
the soda be not in excess. This reaction distinguishes silica from the earths ; silica
may, however, contain alumina and still fuse with soda to a clear glass.

In most cilicates the silica may be detected by help of salt of phosphorus (sec
p. 26). The experiment should be performed with a small fragment, from which
the bases will be dissolved, while the skeleton of silica will maintain the same
form as the original assay and float about in the bead.- Only when a fragment is
unaffected the powder is used, but when thus tested the result is less satisfactory.

. When a finely powdered silicate is fused with an exces$ of carbonuate of soda,
the resulting mass dissolved in dilute hydrochloric acid, and evaporated to dry-
ness, the silica is rendered insoluble; and on moistening the residue with strong
hydrochloric acid, and dissolving in hot water, the silica will remajn behind, and
can be separated from the bases if desired.

3. Most of the hydrous silicates, and many which are anhydrous, but which con-

* The blue glass should be of sufficient thickness to entirely obscure a lithia flame ; there
Is no objection to using two or three thicknesses of glass if necessary.

4 Oxalate or carbonate of nickel (emerald nickel) mu.y be employed. It must be free from
eobalt (not give a blue glass with borax).
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tain an excess of base, are decomposed by strong hydrochloric acid ; the bases then
unite with the hydrochloric acid, while the silica separates either as a gelatinous
hydrate, or as a non-gelatinous powder.

142. Silver. Silver is recognized by its physical characters as well as by the
brown coating it gives when heated on charcoal in O. F.

When associated with volatile and easily oxidable metals, it may be separated
by heating on charcoal in O. F.  If the silver be associated with a large quantity
of lead or bismuth, it is best to subject it to cupellation. The following process
serves for the detection of silver in most argentiferous minerals : The substance is
mixed with its own bulk of borax glass and an excess of pure lead {except in cases
where lead or its oxide already exists, as in litharge, minium, cerusite, etc.), the
mixture is placed in a cylindrical cavity in the charcoal, and fused in R. F.  The
flame should at first Le directed entirely upon the borax glass; after the earthy
substances .have been dissolved and the metallic particles united into one globule,
this globule is subjected for a short time to the O. F., thereby separating such
volatile and easily oxidizable substances as may be present. The remaining
globule containing a large excess of lead and all the silver, together with the larger
portion of the nickel and copper, is then separated from the flux and subjected to
cupellation.

For this purpose finely pulverized bone-ash is mixed with a small quantity of
soda, and made into a stiff paste with water. This paste is placed in a circular
cavity in charcoal, half an inch in diameter and one quarter inch deep, and the
surface of it made concave and smooth by pressing it with an agate pestle or other
suitable convex surface. This cupel is now carefully exposed to a gentle heat
till perfectly dry.

The lead globule, freed from all adhering flux, is placed upon the cupel, and
treated in O. F.  Should much nickel or copper be present, an iufusible coating is
formed which prevents the desired oxidation ; this may be counteracted by the fur-
ther addition of a small quantity of pure lead. The blast is kept up until all
traces of lead have become oxidized ; this is indicated by the cessation of the rain-
bow-colors of the oxide of lead which play over the surface of the button. When
the quantity of litharge that is formed in the process of cupellation is large, the
globule of silver, still containing lead, may be removed to a fresh cupel and there
refined. The instant when the last traces of lead disappear can then be more
readily perceived ; this point is indicated by the sudden brightening of the glob-
ule. The remaining metal, when free from gold, has a silver-white color. It may
be tested for gold as described under that metal.

143. Soda. Soda is readily distinguished even in compound substances by the
intense yellow color it imparts to the outer blowpipe flame. The soda flame is
invisible when observed through cobalt-blue glass and red glass; with green glass it
is orange colored. Soda is not precipitated from solution by bichloride of platinum.

144, Strontia. The crimson color imparted to the outer flame serves in most
instances for the detection of strontia and its salts. In the presence of lime this
reaction is less characteristic, and a small amount of soda obscures it altogether.
The color is intensified by moistening with hydrochloric acid. When the strontia
flame is observed through cobalt glass it appears of a pale purple to rose-red
ocolor, through green glass it is orange, and with red glass it has a deep red color.,

After ignition its salts give an alkaline reaction on test paper, and 1t is distin-
guished from lime, which also gives a red flame, in that its dilute solutions are
preigitated after some time by sulphuric acid.

. Sulphur. Sulphuric Acid. Iree sulphur fuses and sublimes; o9
charcoal burns with a blue flame, forming sulphurous acid. The higher sulphides
give off sulphur when heated in a closed tube ; the neutral sulphides and sub-sul-
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phides give off sulphurous acid when heated in an open tube. The sulphurous
acild may be detected by its odor or by its reddening and bleaching action on a
strip of moistened blue litmus paper. Swall quaatities of #ulphi.les and the sul-
phur in sulphates may be detected by fusing with two or three parts of soda on
charcoal in R.F. In using this test it should be kept in mind that illuminating
gas often contains sulphur : where this is the case a candle or lamp tlame should
be used (see 93). The sulphur is hereby converted into sulphide of sodium,
which, placed on a clean silver surface and moistened with water, causes a brown-
ish or black stain on the silver. In the presence of selenium this reaction cannot
be used.

The soda used for the detection of sulphur should always be tested by itself for
sulphur, which is a common impurity, and if it give the reaction, it should be
treated as described on page 30.

The solution of a sulphate in hydrochloric acid gives a precipitate of the sulphate
of baryta, on addition of chloride of barium.

The following is a delicate test for sulphides in the wet way. An amount of
the assay powder that can be taken upon the point of the knife is mixed with a
like volume of iron powder (ferrum alcoholisatum of the apothecary), the mix-
ture placed in a cylinder of glass two and a half inches long and about an inch
in diameter, and hydrochloric acid is poured upon it (one volume concentrated
acid and one volume water). A strip of filter paper, which has been moistened
with acetate of lead and again dried, is placed beneath the cork that fits the tube,
which is then closed, the paper projecting from the tube a short distance, In
about one minute the color of the paper is observed, and the glass shaken if neces-
sary. If sulphur be present the paper will be blackened by the formation of the
sulphide of lead.

146. Tantalum. See Columbium,110. .
147. Tellurium. 1. Tellurides heated in the open glass tube, give a white
or grayish sublimate, fusible B. B. into colorless or nearly colorless drops. On

charcoal they give a white coating, and color the R. F. green.

2. When a substance containing tellurium is triturated with soda and charcoal
dust and fused in a closed tube, then allowed to cool, and a little Lot water
dropped into the tube, the water assumes a beautiful purple color from the dis-
solved telluride of sodium.

3. Tellurinm compounds when gently heated in a matrass with much concentra.
ted sulphuric acid, impart to it a purple color, which disappears on the addition
of water, while a blackish-gray precipitate is formed.

148. Terbia. See Yttria.

149. Thallium. Colors the flame intensely green. (See p. 18.)

150, Thoria, gives no reactions which permit its determination with cer-
tainty.

151 Tin. In the metallic state, tin is easily distinguished by its physical char-
acters and its reactions in O. and R. F. on charcoal (75, 5,7). Sulphides containing
tin must be roasted, and the roasted mass treated with a mixture of soda and borax
in R. F. ; the product is metallic tin, which can be further tested on charcoal.
Oxides containing tin are best treated with soda or cyanide of potassium on char-
coal ; if much iron is present borax should be added. When tin and some of its
compounds are treated with nitric acid, oxide of tin separates as a white precipi-
tate, which can be separated and tested as above.

152. Titanium. 1. The violet color given by titanic acid with salt of phospho
rus in R. F. serves in most cases for its detection. In the presence of iron the violet
color first appears when the bead is treated with tin in R. F. on charcoal.

23 If a substance centaining titanium is fused with carbonate of soda, and the
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resulting mass dissolved in hydrochloric acid, and then heated with tin or zine,
the titanic acid is reduced to sesquioxide of titanium, coloring the liquid violet, and
finally the violet hydrated sesquioxide separates.

‘When the fusion of a substance with six or eight parts of bisulphate of potassa
is dissolved in a very little water, the clear solution decanted from the insoluble
residue and a few drops of nitric acid ahd five or six volumes of water added,
titanic acid if present will separate on boiling as a white precipitate.

153. Tungsten. Tungstic acid gives a blue color with salt of phosphorus in
R. F.; with much iron the bead becomes dark red, but treated on charcoal in
R. F., with tin it gives a blue color.

‘When a tungstate is fused with carbonate of soda and treated with hydrochloric
acid and zinc as above (see Titanic Acid), a fine blue color is obtained.

Tungstic acid is insoluble in acids; hence if a tungstate like scheelite is decom-
posed by acids, the tungstic acid scparates as a yellow powder.

154, Uranium. The reaction with phosphorus salt serves in most instances
for its detection.

155. Vanadium. In the absence of other colored metallic oxides, vanadium
may be detected by borax and salt of phosphorus; it may be distinguished from
chromium by the color which it gives to salt of phosphorus in the O. F.

156. Water. Water may be detected by heating the assay in a matrass or
closed tube, care being taken to free the tube from all moisture before inserting
the assay. If a substance contains hygroscopic water, or if it be a soluble hydrous
salt, the water is almost immediately given off’ and condenses in the upper part of
the tube in distinct drops. Insoluble substances containing water require to be
heated somewhat higher. See further under examination in the closed tube, 73.

157. Yttria. (Erbis and Terbin.) For the detection of these rare earths re-
course must be had to analysis in the wet way.

158. Zinc. The rcactions of this metal on charcoal, together with the green
color which the oxide gives with cobalt solution, allow of its being detected when
it exists in considerable quantity—and even in extremely sinall quantities, if it be
not associated with other metals whose reactions are such as mask those given by
the zinc. If a small quantity of zinc be associated with large quantities of lead,
bismuth, or antimony, it is with difficulty detected. If a mixture of different
metallic oxides be fused with a mixture of two parts soda and one to one and a half
parts borax, zinc will be volatilized, and in the moment of coming in contact with
the air, is oxidized and gives a coating on the coal. If the substance contain a
large amount of lead, this is also oxidized and coats the coal, but on moistening
with cobalt solution and heating in O. F., the lcad coating is reduced by the char-
coal, and the zinc coating becomes green on cooling. If the quantity of zinc is
extremely small, it is best to moisten the coal with cobalt solution before heating
the assay. In the presence of tin and antimony it is almost impossible to detect
small quantities of zinc B. B.

159. Zirconia. This earth as usually obtained gives out an exceedingly bril-
liant light when heated B. B. A dilute hydrochloric acid solution of zirconia, or
of minerals containing zirconia, imparts an orange-ycllow color to turmeric paper
when it is moistened with the solution.



Chapter A

TABLES FOR THE DETERMINATION OF MINERAL SPE-
CIES BY MEANS OF SIMPLE CHEMICAL EXPERI-
MENTS IN THE WET AND DRY WAY.

TRANSLATED FROM THE TENTH EDITION OF FRANZ VON KOBELL'S ‘“‘TAFELN ZUR
BESTIMMUNG DER MINERALIEN.” *

Introduction to the Tables.

THE object of the following Tables is to facilitate the determination of mine-
ral species. By means of a few simple experiments before the blowpipe and in
the wet way, the mineral is quickly limited to a group of a few species; among
the members of this group the mineral is distinguished by other trials, and when
from these various experiments the mineral species is tinally decided upon, the
conclusion is confirmed or corrected by reference to the physical characteristics
given in the columns upon the right, and further confirmatory evidence may, if
necessary, be obtained by reference to a treatise on mineralogy. An acquaintance
with the use of the blowpipe, such as is gained by the study of the preceding
pages, and with the manner of performing the simplest operations of solution and
precipitation, is all that is necessary in making the requisite triais.

It is hoped that this little work will be of service to chemists, miners, and
others, who though not making mineralogy a special study, yet have occasion to
decide upon the names of minerals.

The Tables are so constructed that it is necessary to follow them through from
the beginning, comparing the characteristics of each group and division with
those of the specimen in hand. A trial of fusibility, a fusion with soda, heating
the pulverized substance with acid, and a few precipitations, usually lead to the
desired object, when the order of the Tables is strictly followed, and the experi-
ments are made with proper care.

The method which has been adopted in the arrangement of these Tables will
be comprehended at a glance. The minerals are arranged in two great groups,
metallic and non-metullic, under which heads are various classes, divisions, sub-
divisions and sections, the more general ones being placed upon the left, until
tinally we reach more specific characters, followed by the names of the species, in
the middle of the page, while the remaining columns are devoted to the confirma-
tory evidence of color, streak, cleavage, fracture, hardness, specific gravity, fusi-
bility, and crystalline form. In a few cases these physical characteristics are the
distinguishing features of the species, but generally the mineral will be recognized
by its blowpipe and chemical reactions, and the student is strongly advised to make
these primary, since the chemical composition of the minerals is what is desired to

* This chapter includes, essentially, all the material contained in the tenth edition of
Professor Von Kobell's Tables, but an entirely different mode of arrangement is here given,
with much additional matter. The tabular form in which the minerals are arranged was
suggested by Professor W. T. Roepper, of Bethlehem, Pa., who kindly permitted me to con-
sult a manuscript translation made by him from one of the earlier editione of Von Kobell,
in which a similar arrangement is employed. The Tables here presented, while following

the general idea of Professor Roepper as to tabulation. have been worked up indepeudently,
and contain new features which it is hoped will be of service to the student.
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be known, and naming minerals from their color or other physical properties often
leads to serious errors, especially with inexperienced observers, and these alone
need the caution, since the experienced person well knows the impossibility of al-
ways recognizing minerals from the evidence of sight. It is thought by this ar-
rangement of the Tables that more definite ideas of the groupings of minerals will
be gained by the student, and that he will more readily comprehend which are the
general and which the specific reactions of the smaller divisions. Almost all the es-
tablished mineral species are included, but for the sake of convenience, their relative
importance, or frequency of occurrence, or facility of determination, has been indi-
cated arbitrarily by the size of the type in. which the name of the species is printed.

An attempt has been made, as far as possible, so to arrange the groups and
divisions, that such errors of observation as are likely to be made, shall not pre-
vent one from arviving at a correct conclusion. Since some minerals occur in one
variety with metallic, and in others with non-metallic lustre, and since the fusibility
of a mineral often varies, or may be underrated or overrated by the experimenter,
and since the constituent clements of some mineral species are not constant, such
are found under both or all of the divisions to which they might be assigned.

The following general directions may serve to assist in the use of the Tables :—

Lustre. Under the head of metallic lustre only those minerals are included
which are perfectly opaque. To determine this a fine splinter or thin edge should
be held between the eye and the light, or fine fragments should be placed upon a
white plate, when, if the slightest translucency is observed, it is included under
“non-metallic.” It is evident that opacity alone does not make metallic lustre,
but that the mineral must also possess the lustre which suggests it to be metallic,
and must not grind to an earthy powder as do some non-metallic minerals which
otherwise might be called metallic. In this, as in many other determinations,
good judgment in the operator will be constantly required.

Fusibility. For determining the fusibility of minerals, the following scale is
employed :

Scale of Iusibility.
1. Stibuite (antimony glance)....... {¥ usnl‘ﬂe l_" the flume of a candle, in
{ large fragments.
. Natrolite....ooviivenn i { Fusible in the flame of a candle, in
1 small fragments.

Infusible in the candle flame, but easily

fusible B.B., even in somewhat large

[

3. Almandine Garnet (alnmiua—iron-s

1T T l picces.
4. Actinolite.......... ..ol Fusible B.B,, in rather fine splinters.
5. Ovthoclase .....oovvviviiinnnnn.. Fusible B.B., in finer splinters.

§ B.13. becomes rounded only on the finest
{ points and thinnest edges.

Splinters of these minerals are kept ready for use, and in determinations
their fusibility is compared with that of like splinters of the assuy. The evidence
of fusion is the rounding of sharp edges. It should be remembered that some
minerals swell up before the blowpipe but do not fuse, and other phenomena take
place which without careful observation might be mistaken for fusion. Only the
O. F. should be used, since some substances, which are infusible in the O. F. are
easily fusible in the R. F., on account of the reduction of some of their oxides to
u lower fusible state.

Hardness.—In testing hardness, the scale proposed by Mohs, and almost uni-
versally adopted, is here employed.



(3
o«

FOR THE DETERMINATION OF MINERAL SPECIES.

Scale of Hardness.

1. Tale. 3. Calcite. 5. Apatite. 7. Quartz. 9. Corundum.
2. Gypsum. 4. Fluorite. 6. Feldspar. 8. Topaz. 10. Diamond.

The scale represents the crystallized varieties of the minerals mentioned. The
bardness of a mineral is found by finding what numbers will scratch, and what are
scratched by the mineral to be tested. Thus, if a mineral will not scratch apatite,
but will scratch fluorite, it is of a-hardness between 4 and 5; or if the mineral is
scratched by apatite and not by fluorite, it is of a like hardness. Sharp corners
must be used in scratching, aud particular care should be taken in this as in all
other cases, that impurities do not come in to mo:lify the result; thus a grain of
sand in some of the impure varictics of galena, if it happen to come upon the
corner which is used, wouhd make the mineral appear quite hard, and without
proper caution many such errors will be made.

Color.—Great care must be taken in forming any conclusions from the color
of minerals. In minerals of metallic lustre, the color is generally constant, and
often very characteristic, in some of the non-metallic species the same is true;
but experience will teach how greatly the colors of non-metallic minerals vary,
and varieties are constantly found differing in color from all that were previously
known. Hence, especially in non-metallic minerals, the color which is given
should only be regarded as an aid or suggestion in the determination.

Streak.—The streak of a ‘mincral is tested by scratching it with a knife or file,
or better, if not too hard, it may be drawn across a piece of unglazed porcelain,
and the color of the mark which it leaves behind observed.

Specific Gravity.—Considerable skill can be gained by noticing the compara-
tive weight of minerals held in the hand, and though no accurate determination
can thus be made, the column giving specific gravity can be nsed in the field, as
Adesignating whether minerals are heavy or light. For accurate determinations,
the apparatus, described in the foot-note below,* gives very quick results and in

* The specific gravity of minerals is easily taken by means of an
instrument devised by Prof. Jolly. See Fig. 26. This consists of a
graduated strip of looking-glass set in a vertical rod (A) properly sup-
ported. A steel or brass wire in the form of a spiral is suspended
from «, and bears upon its lower end the two pans. ¢ and d. The
spring can be placed at any desired height by elevating the smaller
rod (C), as shown in the figure. The pan d is suspended in water in
the glass, which rests upon the sliding support B. At m is a signal
which serves as a mark for the stretching of the spirnl. The reading
is taken by bringing the mark and the image of the mark in the
mirror scale to a level. The ~cale d being in the water, the position
of the mark m is taken = x. A fragment of the mineral, weighing
from one to five grammes, is now placed in ¢, the support B moved
downward till the instrument again comes to rest, the scale d being
atill in the water, and the position of the mark m again taken =y.
Then y—x = weight in air. The fragment is now transferred to d and
the position of m again noted ==z. Then y—z = loss of weight in
water. Divide weight in air by loss of weight in water and we have the
specific gravity. As the weight is not absolute, the manner in which
the scale is graduated is of little importance if it be regular, and hence
the apparatus is easily constructed. This spring balance is known in
Germany as the Federwage, and is furnished by Mechaniker Berberich
in Munich, for nine florins.
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most cases with advantage, can be made to repluce the o1 dinary chemical bal
ance.

Testing for Water.—In order to detect water, a fragment of the assay is placed
in the bottom of the closed glass-tube or matrass and heated strongly. Water, if
present, condenses in drops on the cold part of the tube. A trace of moisture will
be found by heating almost any mineral in this way ; a little practice enatles one to
decide whether or not the mineral is actually hydrons. Decrepitating minerals may
be enveloped in a piece of copper foil, und thus placed in the tube and heated.

Decomposition by Acids.—In testing whether a mineral be decomposable by hy-
drochloric acid, it must first be pulverized as finely as possible in a mortar, and
then gently boiled with tolerably concentrated acid for ten minutes or move, unless
the solution is sooner completed. The digestion is carried on in a small glass flask, a
large test tube, or a casscrole.  In cases where the fact of the decomposition is not
evident to the eye, by the formation of a jelly, disappearance of the powder or other
eficets, the acid must be separated by decantation or filtration from the residue,
ammonia or carbonate of soda added in excess, and then a few drops of phosphate
of soda. When both these reagents give no precipitate, or cause but a few flocks
to appear, the mineral may be pronounced nearly or quite wndecomposable.  The
production of a decided precipitate is evidence that it has been decomposed.

Gelatinization. When silicates are decomposed by hydrochloric acid, the silica
sometimes separates in the pnlverulent condition, when the inineval is said to be
soluble in acid with the separation of silica without forming a jelly ; sometimes
the silien scparates from the bases in its soluble condition, und then when the
solution is boiled nearly to dryness, it will have the consistency and appearance
of jelly.  Such minerals are said to gelatinize with hydrochloric acid.

Many silicates not appreciably attacked by acids gelatinize after they have been
previously ignited, as for example garnet, vesuvian, ete.  Several splinters or little
pieces of the assay are fuxed or strougly ignited, then pulverized and boiled in a
test tube with rather dilute acid ; ou evaporating the solution gelatitous lumps
will be seen in the remainder; or after standing some time (twelve hours) an evi-
deut fixed jelly will be found. After adding water, and stirring with a glass rod,
the solution may be tested for bases if desired.  Other silicates, which gelatinize
with acids or are easily decomposed, will not gelatinize or are but little affected by
hydrochloric acid after ignition.

Lyro-electricity. Some minerals when heated become electric, and have the
power of attracting light substances. Light fibres of wool or cotton, or a deer’s
hair held between the fingers, may be used to test this property.

The methods for ull the other commonly recurring reactious will be found under
their proper heads in the preceding chapters.

Lo secking the name of @ mineral it s necessary always to begin with the first
group and proceed in regular order to those following, for it often happens that a
mineral belonging to one group has also the characters of the succeeding ones,
while the minerals of the latter divisions may not show the reactions of the earlier
groups. The same rule is of the greatest importance in the distinctions between
subdivisions and species. Upon page 63 is given a summary of the classifica-
tion—this is merely introduced to save turning the pages, and to give a more
detinite view of the larger subdivisions.

The method of using the table is best learned by some examples, first, without

the use of the genersl clussification.

Aluminite.,
It is not rmetallic, turning over the pages which ave headed minerals with
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metallic lustre, we come on page 72, to the minerals without metallic lzstre,
to which group our mineral belongs.  Looking now in the columnu on the let we
sce A.—B.B. casily volatile or combustible, which our mineral is not ; Took-
ing along this column there follows B.—B.B. fusible from 1-5, ete. Our min-
eral is infusible; turning over to page &9 we come to C—infusible or fusi.
ble above 5. Looking in the next column we see that the members of pIvision
1 are characterized by giving a blue color when moistened with cobalt solution
and ignited; the mineral upon trial is found to belong here. This group is seen
to be divided into two sections; in the minerals of the one water is present, in
the other it is absent. By heating the specimen in a closed glass tube it yields
much water; it must, therefore, be sought in section @. The minerals of the first
sub-section give, on fusion with soda, a sulphurct which blackens silver, and since
the assay gives this reaction it belongs here.  Of the minerals which belong to
this sub-section, the first is insoluble 1n hydrochlovic acid and the others are
not ; on trial the powder of the miueral easily dissolves and it is, therefore, alumi-
nite. Looking now in the columms on the right the determination may be sub-
stantiated by a comparison with the physical properties there tabulated. The
chemical constituents and generally the formulas of the min-rals are given, and
should always be noted, so as to fix in the mind the composition of the various
species. The formula for aluminite is ALSO,+9Aq. Inour examination we have
detected all three of its ingredients : the alumina by the blue color with nitrate
of cobalt; the sulphuric acid by the fusion with soda, aud the water in the
closed tube ; but when in the determination of a species all the constituents are
not determined, those who possess the rejuisite knowledge can, if desirable, detect
the remaining substauces by the ordinary methods of mineral analysis.
An example showing the use of the general classification will now be given.

Dornite (variegated copper).

Looking at the classification on page 63 the m-tallic lustre of the mineral
places it under I. It is not a malleable metal. It is fusible and therefore belongs
under A. B.B. it gives no odor of arsenic or selenium ; gives no white coating
which colors the R.F. or other reaction for tellurium, gives no fumes of antimony,
but gives the reactions for sulphur, meutioned in division 5, and hence belongs
to this division. We are now referred to page 67 on which this division is seen
divided off in the second columm. Looking now in the third column, it is not
malleable, it gives no reaction for manganese, its streak is not red, it gives ne
globule of lead with charcoal (turn to mnext page), but moistened with hydro-
chloric acid it gives to the flame the blue color of chloride of copper, and it forms
a sky-blue or green solution with nitric acid, which becomes deep violet-blue on
uddition of an excess of ammonia; of the minerals which give this color the first
give a bismmuth reaction, on trial the assay does not, but it fuses to a brittle
steel-gray magnetic globule, it hence belongs among these minerals. It has not
the brass-yellow color of the first three minerals but has the variegated shades of
the next, and is therefore bornite.

The ordinary varicties of mineral coal are included in the tables (sce page 916).

It hardly need be again remarked, that only pure and homogeneous material
will give satisfactory reactions for the determination of minerals.  If it is believed
that the material being tested is not pure, regard must be paid to the impurity,
and the reaction judged of accordingly ; as, for example, many specimens of wol/as-
tonits (tabular spar) etlervesce in acids, and afrer ignition impart a brownish red
color to moistened turmeric paper. These qualities do not beloug to the jure
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mineral, but come from an admixture of calcite. Too great haste should not be
exercised in deciding upon the name of a mineral, since oftentimes the difficulties in
the way of an accurate determination can only be overcome by long and careful labor.

On beginning the study of determinative mineralogy, it is best to examine
known species, until confidence is gained in one’s ability and accuracy. The fol-
lowing minerals are given by Von Kobell to his students; when these have all
been determined, the student will be prepared to determine any mineral which
can be distinguished by this method :—

Aluminite, Lapis-lazuli,
Alunite, Lievrite,
Anbhydrite, Lepidolite,
Antimony-Glance, Limonite,
Apophyllite, Magnesite,
Argentite, Magnetite,
Arsenopyrite, Malachite,
Atacamite, Manganite,
Barite, Molybdenite,
Borax, Natrolite,
Bornite, Niccolite,
Bournonite, Orpiment,
Calamine, Pectolite,
Calcite, Psilomelane,
Cassiterite, Pyrite,
Celestite, Pyrolusite,
Cerussite, Pyromorphite,
Chalcopyrite, Pyrrhotite,
Chalcocite, Realgar,
Cinnabar, Scheelite,
Cobaltite, Smaltite,
Cryolite, Smithsonite,
Cuprite, Siderite,
Datolite, Sphalerite,
Diallogite, Strontianive,
Dolomite, Tale,
Fluorite, Witherite,
Galenite, ‘Wolfram,
Glaucodote, Wollastounite,
Gypsum, Wulfenite,
Hematite,
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ANALYTICAL TABLE

GENERAL

SHOWING

CLASSIF
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MINERALS.

ABBREVIATIONS USED IN THE TEXT OF THE TADBLLS.

Agvrrph .. Amorphous,
B. . Before the Blowpipe,
Divislon.

.evs... Fibrous

F. Fuas.... Fusibility.
Gran......Gmnular.
.Harlneax.

Infuxible.

.. Massive.
n.........Near,

A barred letter signifies two of an

means Al O,.

. Hydrochloric acid.

: Tadlde of potassium.

Sulphur,
....Specific gravity
..... SQtalactitie.
.......... Tsnnetric.

.. Tetrugonal.

. ..Hexagonal.
..Orthorhombic.
V... .....Monocknie
VI........Tridinic.
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ety fie,
1. BB, with raden chareonl sive a elobmle of silver. oo iiiiis ciiiiiiieie e

2B 0 with salnon ehareon] give o gictle of Yend, ||

L stropg ars

a0 aresnien! wlos . . e Cieeeraas

i BB eolor tog borw Tend deshalt! oL e .. PO
L 1 N (R
uc

o e Ddor

3 ast witheed Lavins
thzine Ll F T,

b) S



SSITFICATION. - e

PAG!

~y SaluVle in hydroeblorie acid, forming a jelly, or with the separation of siliea...... 71

) Onily slightly adted upon by hydrochloricacid..ovon oo i dineieene.., T

3. Nat belonging to the forcgoiug divisions. ..o oo ieaenn. PN e PR i

Parxt IL-— 12 . with sodt opi chaepent? gf 0 No meta?ie glanle, or fusel along in I F., do not
heconte nutspnetie,

1. B. B after fusion and contiumed heating on ehareaal or in the foree
tion, and cuabg®the color of maistened turmerie paper to red-brow

oy Fasily aned eompletely soluble in water, ..., ... ..., et ereeec i, bl
<
% Inaaluble or difficultly solnble in water. ..., .. ... e R - )

2. Sulnble in hydroehiorie acld, some als in witer, withont o perceptible residoe; the solution is
not gelatinized by evaporation, oo, oo Cerertreeaereaaan

*

. . . . . . . -
3. Soluble in hydrochlorie aeil forming a <tF jelly apon evaporamtion. .. . iirieserseeiens

R

wr B BLoin the eclosed tube sive weter. ..o enenen.. e eeieeiiisecameensseans
by B. B ik the elosed tuly,

f. Soluble in hydrochloric acid, leavieg aoresbine of

rive a0 walvr or but traces, ... ... e tererecctasenanane

®

lea without forming a perfect jeliy.........
) B.DBLin the elosed tabe give waber, ittt it et tieiise e

h; B BLinthe clo® e give 10 witer o Lt 118008 . .ot veivevnneenenennneannns

. ®

5. Slightly attueke 1 Ly hydvoehlori
to the borax Lend . L

1eil, and B. B. give a decp amethystine color (manganese)

nreessessscestreasetanesecss s

D I R I I

xR %

3o Nt Lecdon zing to the foregoing divisions, it ittt ittt oPBasecsassansncnscsnns

Rl N
/
C.—Infusible or Zusible above 5. .
I. Fir<t imited BB, then moistene ! with cain ieonited usenmne o heantifal
Llne color falumina). . ..... ... Ceeeaen e ¥
) . B, in the elosed tabe rive e

2 ¢

L in the closed tube give

lkaline reaction anl eliange the color of snoistzmed turmerio
paper to red-hrownn. ..ol e e itee e

{. Nearly or perfectly roluble in hydrochluric or nitrie webl withont gelati
siderable residue of siliea . .. (...l L . . L

%, Gelatinize with Iiydrochloric acid'. or are dececmposcd with the sepriatien .. RPN
sed tuhe give water, ., Lol L 5

' . in the closcd tube give no water or but cevees M
. Not belonging to the foregoing divisions, ... ..., 0000 v N
a) Hixduess under 7. ..o ooiiiiietcenneianns e M

b) Hardness T or abiove 7. .. o iiienneienrnns P

<titetes e d o other ecmmpoa 14 S ome wnd aftee fusin havean Okl

1 ol geardar ol o tenet woth water, il thiev de vr <howa this e

ERPETY

* Rene @t hae chows that mans
2 aze placad upon tn:u.elic papes

SantA,
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MINERALS WITH METALLIC LUSTRE.

NATIVE METALS.

A. Fusible from 1—5, or easily volatile.

Drvision 1 (in part),

'W‘m‘ ‘lu..' k Y



02 I MINERALS WITI
|
General characters. Specific characters 8pevies
. With sulphur and iodide of potassium gives
Algpe, ?h B, t.on charcoal, a";%eg coating (bismuth), and leaves a glo-|Maldonite.
< e ismu _C(_):: mg. bule of gold.
& ‘Soluble in nitric acid; the di- o e Yot g
3 lute solution gives a precipi-'Thfosl‘)‘:_?;l;“l';t,ﬁtmcomes violet-gray on ex SILVER.
§ tate with hydrochloric acid. I ! e
Jt) ', = of
§ E u:;.‘i dmoro or less the color of Only soluble in aqua-regia without a residue. (GoLD.
ks
8 |Decomiposed by aqua-regia with separation
§ 3 of AgClL Electrum,
»
S Moistened with h)dwchlonc acid colors O.|
2 .§ Of a copper-red c?l_oi._ F. cky-blue. Copper.
g : Easily fusible; soluble in nitric acid; the
13 )
z Give a lead coating on coal. solution gives a heavy precipitate withiLead.
4 Y precly
s o sulphuric acid.
) Infusible. Insoluble in hydro- .
‘g_ chlgric acid ; soluble in aqua-jInsoluble in nitric acid. PLATINUM.
regia.

Attracted by the magmet.

iSoluble in nitric acid.

Paliadium.

{Infusible. Soluble in hydrochloric acid.

Inrox.

minerals, Hessite, Div. 3, p. 66 ;
jand Argentite, Div. 5, p. 67,

"t~ Compare the mallmble!

' Fluxd MERCURY.
B. B. volatile without fusion. |Gives in the closed tube a mnetallic sublimate. |ARsENIC.
Very fusible, gradually volatilizes; gives no .
. . copper reaction. ’ Dufrenoysit«
'With soda on coal give a glo-| "1t — "> 7 } _
Lule of lead. Soluble in ni-|Decrepitates strongly. Sartorite.
’g tric acid, with separation of|
£ sulphate of lead. Jordanite.
i 3 S
) S ——
w In the nitric solution, hydrochloric acid gives . -
,§ a heavy precipitate of of AgCl. PoLyuasiTe
Fused B.B., and then moisto®d|With S an@KI. gives on coal a
g
. -§ with hydrochloric acid color{ mate (hsmuth).
g8 - g the flame blues (chloride ofj™
s 5 < copper). A nitric solution isEagly cleavable; 4 'ENARGITE.
| &8 S rendered Llue by ammonia, .
~ =z 2 In the nitric solu sammonis gives & red-im 00 g
gE R S _ dish-brown prec & u
'g § Same reaction for irt
—3 é: Gives no precipitate with ammonia. -
E S Gives no sulphur reaction. DoMEYKRITE
S ¢ F~ Comp etrahedrite,|Same. iAlgodonite.
é R p. 6. Same, WIITNEYITI
& it
The concentrated solution is rendered tur- Tnat
bid by addition of water (bismnth), Alloclasito. .
ivo to the borax bead asap-| ~ — "~ T N SMALTITE (v
0‘phire-blue color. P Gives metallic arsunic in closed tube. isﬁ{ggz‘(&:
As above. lbkuturudm

* The oolor of metallic minerals must be obsorved on & fresh fracture, as ni



'ALLIC LUSTRE. G4
. | ! |
Compuosition. Color.* Streak. Craezcor | Mard | g Gr. | Fusivility, Cralt
Pinkish-white. Cubical. 1.5—2 '8.2—90.7 |Easily. I (%
|
White. White. 2.5 10.5 I2.—2.5 I.
Yellow. Yellow. 2.5 19.3 %2.&" -3 |L
g Pale yallow to) I
Copperred. |Copper-red. 3. 8.9 IS L
Lead-gray. Lead-gray. 1.5 11.4 in. L.
th,Pd,Fe). Steel-gray. Light-gray. 4.—4.5 16—19 Infus. |[L.
Stecl-gray.  Steel-gray. 4.5—5. |11.5 Infus. |L.
etc.). /Tron-grny. Octahedral. (4.5 7.5 1.
Py White. '13.9 L ..
Tin-white.  |Tin-white.  [Granular. |3.5 6. Vol. IIL
! — —
8s. Lead-gray.  |[Brown. lasal. ‘3. -5 (Easily, [TV
iy Lead-gray. _IBrown. asal, 3. 5.3 Easily, [TV
89, Lead-gray. !Black. :Prismatic. %Easily. IV..
' ! |
)°(Sb,As)Se. ;Iron-blnck. ' Iron-black. iUncvcn. 2.3 6.20 I Ensily. IV,
. N |
)%(As,Bi)?S%, |Iron-black. ilron-bl‘. . ~ l
. b ol i
s, 7 Iron-black. i‘Gmylsh-bluck. Prismatic. 3 i4.4 Iv.
4 B |
5. " |fron-black. (Gray. 854 45 15 L
yAsS®, Steel.gray.  Black.  Gramular. 35 | (Easily. 1V
g Steel-gray. _ Cherry-red. Brittle. 145 4.4 'Basily.” T
Tin-white, :B]_u_c_)_cigh. Brittle. 13.5 !7.5 ‘Easily. |Maxsi
Steel-gray. 'Bronze. "Tough, 4. |7.6 iEasily.  Massive,
Bronze. Bronze, Hackly. Bl 8.3 __'Easily.  Massive.
| | K '
,Zn)4(As,Bi)’S%. Steel-gray. 'Black. Rhombic, !4.5 'G.G {Easily. IIV.
\Ni)As*, Tin-whit . Gray-black. iOct,ahcdra], 3.9 ;6.4—7.2 ‘Easily. |L
Gray-white. i T iCubic. 6. |6. 7 ;Elwily. L

change and benome tarnishad and dull on cxposwre to air and light,



~cen
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MINERALS WITH METALLIC LUSTRE

A. Fusible from 1—5, or easily volatile.

Drviston'1 (continued)

Diviston !



A. Fusidle, from 1—8, or easily volatile.
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1. MINERAI
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General Charucters.

Specific Characters. ! Spa

Give to the borax bead a sap-
phire-blue color.

Gives metallic arsenic in the closed tube.!
The dilute solution gives precipitate with Glancoé
chloride of barium of BnSO‘

Asabove.

Gives no arsenic in closed tube.  Dilute so-
lution gives a precipitate with chloride of
barinn of BaS!Y,

s®=Compare Bismuth, frequently associated
with cobalt ores, Div. 6, page 69,

Glaueny

CoBALT
{cula
glanc

When dissolved in aqua-regia
form an apple-green solution;
with ammonia in excess the
solution Igcomes sapphire-
blae.

Y Xs above.

Niceon
(copp
_nicke
Ramme
ite.
Gersdor
(nicke
L.lxmo'

'(¥ives @ red-brown precipitate with excess of,Chathm
ammonia (iron). !(v:u‘. Sn
Gives nntlunouv fumes, and a sulphur reac-

tion w uh b()d'l ou coal.

Of a copper-red color.

Gives in the closed tube a sublimate of me-
tallic nmemc

In the dilute nitric solution chloride of ba-
rium gives a heavy precipitate.

Corynit
Wolfact

13~ Compare Ullinannite, Div. 4, '[2—(‘3-7;

In the closed tube give metallic

arscnic, and then fuse, and
after long heating become
magnetic.

in solution ammoniagives a reddish-b: (Mispi
pr(-upxtme (u'on)
Gives ouly a slight s sulp]mr reaction. In
closed tube. after arsenic is driven off,
fuses with great dlﬂicu]t)

Gives sulphur reaction in open tube, soluble
in nitric acid, with separation of sulj Arseno

LHLIN
(Leucoy

¢~ Comp. DBismuth, Div. 6, p.
60: Antimony, Div. 4, p. 06
1’vrm-g_/ut4' Div. 1, p.
Geocronite, Div. 4, p. 66 ; 'dl

sometimes containi.n g arscnic.

With soda in a matrass give
metallic mercury.

Mostly volatile without fusion,:
coats the coal at first with a
mctallic gray, then white,.
then greenish-yellow subli-
mate.

‘Give with borax a pure silver

globule.

B. B. volatile without fusion; with soda
npon chareoal yields metallic lead.

;B. B. fuses and then volatilizes, Gives no
leald
l N

Lehrba«

‘Tieman

Guagale
it&

Gives a reetion for sulphur, in open tube or
on charcoal,

iB. B. with soda yiclds with dllﬁculty lead
grlobules, the nitric solution gives a pre-
| Cipitate with sulphuric acid.

Clausth

BB fuses easly: inO. F., quietly; in R F.,

o N
| with intamescence. (Naumar

B. B."on charcoal fuse to glob-
ules, which after moistening
with HCI color the ﬂ:um,
azuré-blue.

| the flame strongly green.

‘Solution in nitric acid gives a heavy prec1p ll‘ it
itate with hydrochlorie acid (-\;:Cl) | ncairi

Nitrie solution gives a precipitate with sal-

_ phurie acid (Pb303). Zorgite.

The nitric solution is ot precipitated byinemm

either sulphurie or hydrochloric acid.

Contuins 18 per cent. of thallium

colors]c Kesi



ETALLIC LUSTRE.

| |
poeition. Color. Streak, Chnrage or I Hard- | &p. Gr. | Pusibility,[C7 ot
3. Gray-white. lBlack. Rhombic. 1!5. 6. Easily, (IV..
Sb.As,S. Gray-white. Gray-black. | 145 \7.18 Easily. IV
Red-white. Gray-black. Cubic. |5.5 6. Easily. |I.
Copper-red. |Brown-black. {Uneven. 5.—5.5 |7.4 Easily. |IIL
Tin-white. Gray-black. 5.5 7. Easily. |IV.
Gray-white. |Gray-black. 5.5 5.6--6.9 [Easily. |I.
As®, Gray-white, .Gray-black. Granular. L
| —
3. Gray-white. Black. Uneven,  [4.5—0. [6. Ensily. |L
3. Silver-white. |Black. 5.5 637 Easily. |IV. .
- — —_—— .. ":.;.’}.
@ [siorvnite Grayblack  [Uneven 55 [62 2. IV.
Silver-white, |(iray-black. 5.5 [6.8—8.7 [Dif. [IV.
_fﬂ‘
-
- - &
1‘ .
" -
Lead-gray. Black. Granular, 2. 7.8 ,Vol. Mamive,
: I
\Lead-gray.  [Black. Granular. |2.5 7.2 Easily. DMassive,
Se). Iron-black.  |Black. Compact. 2. 7.15 Eagily, (Masaive.
Lead-gray.  |Gray-black. |Cubic. 2.5 7.-8. I,
- |
LR 4 Iron-black.  Black. Cubic. 25 8. Easily. L
. Lead-gray. IShining. Granular. | 'Eaaily. :Maasive
— : | !
Lead-gray.  Dark-gray.  Granular. 2.5 7.5 Easily, Maasive
RN | | |
#'"  |Rilver-white. Shining. Soft | Maaxive,
= ! '
S8, Leadgray. 25 69 JEaslly ;Mnssive.
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MINERALS WITII METALLIC LUSTRE.

A. Fusible from 1—6, or easily volatile.

DivistoN 3.

Division 4 ‘in part)



06 I. MINERALS
Y .'5' > Genernl Characters, 8pecific Characters, 8pe
=3F
LS
rex -
s:i . . . . .
553 Wholly volatile ; fuses easily; Burns with a greenish tlame. Soluble in ot
¥ fumes strongly. nitric acid.
vIe - —— - e — ..
5.3 . P . The solution g gnm a heavy pr.'( ip. with sul-’ .
] 'S.i Wholly soluble in nitric acid. _phuric acid.  Soft but not malleable. Altaite
=it B. 1. with soda gives globule of silver; mal- -
333 leble. Hessitc
ey |l T R [
5% o N P Solution gives, with hydrochloric acid. a, Ml
£E7 ho‘l‘:l)lﬁ :,l?om(t;lc '1‘3“1 with the precip. of AgCl, and with sulphuric acid. (sylvan
‘;-’ < §§ paration of gold. of PhSOS, taining
S £3R8 |On charconl, with sulphur and TETH
8 ) iodide of potassinm, gives a/l'uses easily to a brittle silver-white globule. ;",
as i3 red sublimate (bisinuth).
§ T3 (}l\'vs .lf tera httlv blm\ ing t,ho., holonmm ador. Jnselto
S E 3 Aft(;loné heating gives n malle-, - ) \‘ Tvi
¢! ETI: ablemetallicglobule. Incom-| 50]!11: le ;n t:'\q\]l'\‘regn with separation of (g 1phx
2! &2 tetely soluble in nitric acid. chloride of silver. i
?‘ v pletely soluble 1n nitric aci
¥ T, - S —
o 83 s::,- Same reactions (contains more silver).
4 sgg; Heated with strong sulphuric Nagy
(] 5: £, acid gives a hy acinth-red or Soluble in aqua-regia; in the solution SO,! * (f‘ﬁ‘
3 £8 E;? brownish - yellow solution ;| gives a precipitate (lead). & ll( I‘
[ % .< 5, notapure red like preceding. ellu
5 :: £ § e o (‘ompare Adkinite, Div. b,
s ] p. 68.
] S S —
-
Tin-white. B. B. takes fire and continues to
burn without further heating, and becomes ANTIM(
covered with white needles of oxide of
. antimony.
o When pulverized and treated with caustic Stibnit
potassa is rapidly colored ochre-yellow, and nony-
| for the most part dissolved. Y-8
P) Gives in nitric ncid a partial solntion of a gky-
: blue color; this, with sulphuricacid, y jelds
a white prcmplmte of sulphate of lead. and Boglew
is rendered violet-blue on addition of an,
< excess of ammonia,
P xS Same reaction. but the aqua-regia solution is’ Styloty
i g s ¢ nearly or completely'  not precipitated by sulplmm‘ acid.
£ 88 "°h a continued blast. oidizeq by nitric acid to a white powder,’ James:
- unpﬂrtm"’ no color to the acid. |

B, B, on chavcoal, or in the open glnns-t:;be. glive denss antinony

Same as Jamesonite, not cleavable. Zinken
As -v,hme 1 __ _ :: ) Bollltfr_l
As above (sometimes contains arsenic). 'GI-ZO(‘R
Plagior
\[enog

Fused with sulphur and indide of pot potassium Kobell:
gives a bismuth reaction.

3~ Compare (e site, Div. 5, p. 67,




TALLIC LUSTRE.

66

Composition. Color. Btreak, Cleavagonnd | Mard- | 8p. Gr. | Fuability, [Copimlise-
Tin-white. Tin-waite. Hexagonal. {2.--2.5 (0.2 1. 111,
Tin-white. Tin-white. Cubic. 3.—3.5 (8.1 1. I.
:. " |Lead-gray.  |Gray. Sectile.  [2.5—3. 8.5 L Iv.
gz,Pb,Te,Sb. Brass-yellow, 2. 8. Easily. |V.
3, Steel-gray. Basal. 1.5—-2. 7.5 Easily. |IIL
e'SeS3, Black-gray. Basal. 1.5—2. 7.9 Easily. [IIL
a)Te, Steel-gray. Steel-gray. Prismatic. ({1.5—2. 8. Easily. [IV.
)T, Iron-black. |Iron-black. 2.5 9. Easily. (IV.
u)(S,Te)t. Black-gray. Gray. Basal-fol. [1.—1.5|7. Easily, |IL
Tin-white.  |Tin-white.  [Perfect. 35 6.2 1, IIL
. Lead to steel-fo,q oray.  |Prismatic. 12 45 1. 1v.
-| gray. .
SbSs. Steel-gray.  (Iron-black. 2.5—38. |5.8 1. IV.
Ag?,Fe)’Sb*S%), [Iromeblack. (Iron-black. 3. 4.7 1. IV.
»85. Lead-gray. Basal. 2.—3. 5.0 1. 1V.
'S4, Leud-gray. 3.—3.5 5.3 1. IV.
»8°. \Lead-gray. 2.5—3. 5.9 1. v,
1SS, Lead-gray. Granular, [2.—3. 6.5 1. v,
81, Leadgray. | 25 154 T V.
¥S, Lead-gray. 2.5 i6.3 1. V.
ShSe, Lead-gray. Soft. 6.3 . . Fibrona
I — -1
| }
-— —— —
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MINERALS WITII METALLIC LUSTRE,
A. Fuaible from 1—5, or easily volatile.

DivisioN 4 (continued),

Livision 5 (in part),
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I. MINERALS

- —_———— — g

D:rvisioN 4.—(Continued,)
B. B. on charcoal, or in the open ylass-tube, give dense antimony, fumes.

B. B. give with a mixture of]
borax and soda a malleable
silver-beud, and the nitric
solution yiclds with hydro-
chloric acid a precipitate of
chloride of silver.

Heated in a glass tube with
soda gives a sublimate of
mercury.

The roasted minerals give with

heating a globule of copper.

QGeneral Characters, 8pecific Characters, 8
Dyw

Gives no sulphur reaction. (anti

sil

Gives sulphur reaction. The partial nitric| FREN
solution yiclds with excess of ammonial(ri'ver
8 violet-blue color (copper). dr

Gives sulphur reaction, but no blue with|

soda on charcoal after long—

Give after long heating on
charcoal a magnetic glob-
ule.

ammonia. STER
As ahove. Miarg,
As ahove ; the nitric solution gives & precip- Brogn
itate of sulphate of lead with H*804.
Same. Froies
s (;omp'm_ I’I/un«/wt((. Dlva':?‘ ‘- T
The nitric rolution is rendered blue by ex SPANT

cess of ammonia,
The nitric solution gives no precipitate with'
hydrochloric acid. but usually gives reac-'Tetral
tions for iron and zinc. |

. . |Chal
YVery closely resembling the above in blow-| o

pipe reactions is the rare I gaol;,t;

Gives no sulphur reaction in open tube ; dif- B
fienltly fusible 5 Lut little actesd on by hy- “Breith
drochloric acid; completely dissoived hv

_ nqua-regin,

Easily dissolved in liydrochloric acid, with BERT]
dlseng.\gemont of mlphurctted hydrogen.|

Easily fusible; hulrochlonc acid has ht&le‘
effect ; aqua- regia dissulves it with sepa-
ration of sulphpr Ullma

which reddens a
 In the end, but do

d ‘sinion,

‘. or placed in the open

ire @ . .

arip of mah‘enqﬂ RIS :

not (e the

R. B. with sodn give a
glis-tudbe g

~ Streank red ;

‘Mallcable, can be cut with al

knife like lead. In the nitric
solution hydrochloric acid
gives a heavy precipitate of|
chkloride of silver.

The nitric solution is colored blue by exceasJalpai
of ammonia; moistened with HHCl colors of
the flame blue. ite).

Does not give the above rmctlonr with/ARGE?

* The ronsted minerals give with:
horax a violet bead in O, F.
_ (manganese).

a closed tube gives metallic)
mercury.

mixed with rodain.

. B. B. with soda on coal giver
a lead-globule and covers thel
coal with a yellow coat (ondo
of lead).

soda v gives a globule of silver. N (Fll\’c‘r
ng;rs only in cry stalline form from argcn Acant}
: 4]
‘The powder is leck-green. |Alaban
“The powder is brownish-red. Haneri

Many varietien have u gray to black color,!
but the stresk is red. (F™ The rare -,
Motaeinnabarite is nmorph(mq HgSs has
_ o hlack streak, H= 35 G=7.72.

Sinna’

Easily roluble in nitric acid, with scpara- QGalen
tion of &, and PbNSOY.  The nitric solu- Jeng
tion gives no blue with ammonia. |

6T~ Cupreplumbite and Iuasedite are re-
spectively cupriferous and zinciferous!
varieties of galena,




.LLIC LUSTRE.
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|

nposition. l Color. Streak, | C'givege and| Hord- | o, Gr. | Fusibity. Ie";f,‘,:”'"

Silver-white. [Silver-white. Basal 3.5—4. 0.6 1.5 IV.
b8, Steel-gray.  |Gray. 3.5 4.8 L

1

Tron-black.  |Black. iz.s 6.26 1. IV.

JIron-black.  |Cherry-red. |2.5 I.").2 1. V.
g8, Black-gray. 3. 5.9 Ensily. |L
rsS, Steel-gray. Gray. Prismatic. |2.—2.5 6.—6.4 |Easily. |V.

|
Sb*S7, Ilx'on-blnck. Red-brown. 3.5 5.1 1.5 I

|

!Lead-gmy. Dark-gray. | 35  |45—51 |15 L

Lead-gray.  |Black. Prismatic. |3.5 4.8 1. IV.

Copper-red. . {Red-brown. 5.5 7.5 3. ey

Stecl-gray. 2.—3. 4.2 1.5 IV.?

Steel-gray. 5.5 6.3 3. L
S. Gray-black. |Gray-black., [Malleable. (2.5 6.8 Eoasily. |L

Gray-black. | Gray-black. |[Malleable. 2.5 73 1.5 L

Gray-black. |Gray-black. [Malleable. 2.5 (7.2 1.5 Iv.

Iron-black. Green. Cubic. 35 4. [3. 'L

Brown-black. |Brown-red. 4. i3.46 3. L

I
Red. Red. Perfect. 2.5 8.9 Vol. II1.
~ P
Lead-gray. Gray. Cubic. 2.5 7.5 1. L
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[
1. MINERALS WITII

General Characters.

With sulphur and io-
dide of potassinm
on coal give a red
sublimate of the io-
dide of bismuth.

‘The saturated
solution is rendered
turbid by
of water,

of copper.

placed in the end ; or witk soda

&4
(=]
5
3
<
@
g
%
E)
<
2
=
B
E2
23
5 5 iFuse to brittle steel-
e I gray magnetic glob-
- gﬂ.—- 1 l
= S ules,
. H 55
§ i 5
.
11 i
‘ e3P
B 23
3%
3 52
B8
8 | 8g ‘
- A none of the above
T _g'd  renctions.
] ' o 8
‘.?‘
gg st
i
a o
§.
§
4
&
3
<
-~
H
s
5
 IThe partial nitric solution is
blue. B.B. fuse to " -
. tic beads.

Heated in the open glass-tube give off sulphurons acid,

Compare Sphalerite.

Specific Characters. Bpecies.
Witticheni
. with soda on coal a globule of copper.| (cupreo
bismuth).
the nitric solution sulphuric acid gives .y . : A
precipitate of PhSO*, jAikinite.
ves with soda on coal a strongly magnetic, .
globule containing nickel. Grunauite.
Same as Aikinite. Chiviatite.
Same as Wittichenite. melet.t.xte
Chalcopyrit.

|
Brass-yellow color.

(copper py
rites),

Brnsa-yello'w-éblbr; cleavage cubic.

Cubanite.

Brass-yellow color; the fresh fracture tar-
nishes to a goldc-n~) cllow in 24 hours.

Barnhardtite.

Color bronze- yéllow exposed rurfaces pur-
ple. whence it is culled variegated copper;
in the mtnc solution sulphuric acid gives
no

Bo nite (var
egated cop
per).

" hornite, but in the nitric solution.
sulphuric acid gives a precipitate of sul-
phate of lead.

‘Castillite.

nitric solution gives with HCl a heavy
precipitate of AgCl.
B. B. in O. F. alone on coal yields a globule
of copper. Soluble in nitric acid with
scparation of sulphur.

Stromeyerite.
" Chalcocite
(copper
glance).

. by itself no metallic mnalleable globule,
Soluble in nitrie acid, with separation of
_sulphur and binoxide of tin,

STANNITE
(tin pyrites).

(_,om]_mre Tetrahedrite, Div. 4. p. 67. |
B. partially reduced to silver ; the pun.ml

nitric solution gives a heavy precxpmaw of Sternbergite,

__chloride of silver with HCL. . )
T m
a sapphire-blue Soluble in -LINNAEITE.
acid, forming a rosc-red solution.
" like ST

ed with hy drochloric .wul a -Carrolli‘e.

color to the tlame.

__ roasted mincral gives to the borax

the vivlet color while hot, reddish-brow M"'“ﬂ‘”n

when cold, of nickel; gives no sulphur in i

the closed tube. I rites).
. above, butgivi s sulphur in the closed tube. Be) richite,

! ‘fusion; color pinchbeck-

brown. Reacts for nickel. ~ Pentlandite.

‘ve only the reaction for iron. Magnetic; Pyrruotite

before fusion, gives but little sulpbhur in the (inagnetic py

closed tube. rites).

~es only the reactions of iron ; not magne-

tic before fusion. Gives sulphur in the Pyrite (iro

closed tube. pyrites).
< . s Marcasits
Same as for pyrite ; can be distinguished only

by crystalline form. (wh':;::’r Py

&
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Composition, | Color. i Streak. C}-T-‘L:?m“ }xf:::- 8p. Gr. | Fusibility, Cryxn.}.ll-
1 i i |
. Steel-gray.  Black. 'l is.s !4.0—5. !Euaily. IV.
| : t
i ! :2._2.5 6.7 1. jIv.
- ‘ ‘Octabedral. '4.5 5.1 Ensily. |1
R | T 6.92 ! 'Massive.
- | R\ 2
. V- — SR
3 Brass-ycllow. Green-black. Uneven. 5 4.3 a 11
i |
’ T - Cubie. fe B I _
d Massive.
- - - R : | R
| . :
Fo)S. | purple. '[Bluck. ; Il'
| ‘ P
. ' ol -
Fe,Zn,Ag,S. iLoppcr-red. I]3lnck. Foliated. Mussive.
)S. | . iGrny. . 5—8. 3 . Iv.
| ! -
!
Steel-gray.  Gray. f5—8.0 7 IV.
! ! !
- <L
,Fe,Zn)8, ibtcel-gruy . Black L4 'Easily. |Momalve,
o " Pinchbeck- N
m, hrown, | Black 1.—15 2 Iv.
g4, . gray. :Blwck~gmy : 9 L
~ - 'Gmy. 5 85 ;I.
_ | N
- lBright —35 6 !
- ! — L .
| B | . T
— - - - |
. 5—4. 46 | 1.
! )
’ - o ‘
~yellow IBlack-g;ﬂly. ‘4, v Easily, |IIL
‘ ! ]
T _
‘ Brown-black. |6.—6 5 [4.9 Easily, |1
|Pnle-.\i:{1:;’w 0 Black-gray. Is.—s.s 4.7 'Enaily. 1L
white. |
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INERALS WITH METALLIC LUSTRE.

A. Fusible from 15, or easily volatile.

Drvisiox 5 (concluded).

Drveon 6,



1. MINERA

LS WITL:

A.—Fusible from 1—6, or easily volatile.

DivisioN 5.~ Condined.)

See preceding page.

Generul Charucters.

Spocific Characters,
|

Bpecies. *
t

With sulphur and iodide of po-
tassium give, on coal, a red
sublimate of iodide of bis-
muth,

B. B. fuses in R. F. with effervescence, giv-
! ing o globule of bismuth, and a bismuth
__coating on coal. Soluble in nitric acid.

BrsMuTan-
ITE (bisll}
___glance). .

As above, but gives a precipitate of sulphate
of lead with sulphuric acid.

Chiviatite.

L~ Compare Bt'én_wtlt, below.

e

DivisioN 6.

Not delonging to the foregoing divisions.

tallic mercury and leave u
spougy mass of silver,

B.B. in a matrass yield me-'

{Easily soluble in nitric acid.

Amalgam. :1

Yields less mercury in the closed tube,

of potassium, coats the coal
with a red sublimate of iodide
of bismuth.

Colors the borax bead cobalt-
blue.

Fused with sulphur and iodide,

In the open glass-tube gives almost no fumes,
and the metal becomes surrounded with
fused oxide, which is dark-bLrown when
hot. and yellow when cold.

HMeated with phosphoric «cid gives a violet:
solution (manganese).

Arquerite. i
ek it

BISMUTH. ©

Rabdionite. l

Difficultly fusible. Heated in
R. F. becomes magnetic.

Streak, cherry-red.

With soda on charcoal easily

155~ Compare Cuprite and Melacontte, Div.
3, p. 75, sometimes with metallic lustre,

reduced to metallic copper.

Magnetio before heating.,

Generally fusible above 5.

Hematite ¢
(specular m‘f
—

Maguetis-
(magnetis !

iron).

Gelatinize with hydrochloric acid. Some-
times magnetic from associated magnetite. !

‘-
Honroxoumk: |
FAYALITE g

The fine powder, boiled with
aqua-regia,gradually assumes
a yellowish color,

Boiled down with phosphoric acid gives a.
beautiful blue syrup (tungsten). The blue'
syrup is changed to violet by addition of
nitric acid (manganese).

)
4

B
Wourmxml'!

With borax in O. F. give an
amethystine bead.

C®~ Compare Rhodonite, Div. 5, p. 87.
sometimes altered to a black metallic hy-
drous silicate; W lpsteinite, Div. 4, p. 85;
and Psilomelene, Div, 1, p, 70, which in
somne varieties is fusible.

chloric acid,

Gelatinize perfectty with hydro-i

Easily fusible, swells up but slightly. (See
Div. 5, p. 78.)

Easily fusible, swells up strongly. (See Div.
5, p. 78.)

.

With soda easily reduced to
metallic lead.

Plattnerite;

When fused with soda, digested with water and filtered. a green solution is
obtained, which neutralized with HC1 gives a light-colored precipitate.!
I the latter is digested with strong HCl, and boiled with tin, then diluted

with a like volume of water, it gives a clear sapphire-blue solution,

Samarskite. !

.




ALLIC LUSTRE. 69
i 1
omponition | color, Streak. Cleavagoor | Hard. i Sp. Gr. | Fusibihty, |7 alza-
' . |
Lead-gray. !Gmy. Prismatic. (2. 6.4 1. IV.
: |
3, :Lend-gmy. ;Gray. Foliated. ;6.9‘.’, 1.
| |
|
nd Ag’Hg®.  |Silver-white. ley. 3. !13.7—14 1 L
Silver-white. Gray. Malleable. 0.8 L
Reddish-white White, DBasal. 2.5 9.7 1. IIL
2oV Metallic R
1,Co)(Mn,¥e)O". [Black. 'greasy ntreak. 1. 2.8 3. Stalact.
Stool. | Scaly,
Steclgray 10 peg. fibrous,  [5.5—G.5!5. Infus. |IIL
) compact.
Iron-black. |[Black. Octahedral. 5.‘1.9—-5.2 5. L
)'Si0*. Yellow-black. |Dirty-white. _[Prismatic. 6.5 (3.9 4. Iv.
. Black. Brown. Prismatic. [6.5 4.1 3. IV.
)WOL Black. Black. Prismatic. [5.5 7.8 3. V.
‘e'FeSi‘0'3, Black. Black. 5.0—06. [3.8—4. |2.5 IV.
i,Fe,C D)
DiFe,CaL  Brown-black. (Gray. 5.6—0. [3.—4.2 |25 V.
. i
|
‘Iron-black. IBrown. 0.3
. | ID:n-k red- l
00%%Cb, Ta)'0* Velvet-black. 5.5—06. ‘3.6 4.5 IV.

I brown.
]
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MINERALS WITH METALLIC LUSTREZ.

9. Infygible or fusible above 5, an tle.

DrvisioN 1,

Drrieie 3.



i, MINERALS "

DivisioN 1,
B. B. in 0. F. a very amall quantity gives to the borvx-

beud the amethystine red of manganese.

B.—Infusible or fusible above 5, and non-volatile.

D:vision 2.

Ayre magnetic, or B. B. ov harcoal gfier long Reating in R. F. become so,

Gencral Characters.

Specific Characters.

. iMoistened with HCIl colors the outer fla

With hydrochloric acid evolve
chlorine. Contain little or no
water.

beautifully blue (chloride of copper).

Color brownish-black.

Color iron-black to steel-gray.

Yicld much water in the closed
tube.

_ Prismatic cleavage very perfect.

In the hydrochloric solution sulphuric a
generally yiclds a white precipitate of &
phate of baryta.

&~ Compare Franklinite,
Div. 2, below. Hrnuerite and
Alabandite, Div. 5, p. 67.

Streak red.

without
(sometimes - but slightly).

heating|

The fine powder fused with
soda, dissolved in HCL., gives,
a solution which, boiled with
tin-foil, gradually assumes a|
violet color.

Decrepitates, and gives much water in !
closed tube.

Slowly soluble in hydrochloric acid.

With s ives the manganese reacti
and on coal in R. F. gives a faint yell
lﬂ)limnte (Zn0).

Strongly magnetic, does not give above
actions. Difficultly fusible.

In the solution after tho oxidation of f
protoxide of iroa with chlorate of pote
and its precipitation with an excess of a
monis, phosphate of soda gives a preci
tate of the ammonio-phosphate of mag
sin in the filtrate. Jacobsite gives a strc
_ manganese reaction.
[l goEpg.r_e_Jl_[ﬂmccanitc, below.
Partially decomposed by hydrochloric ac
The fusion may also be made with bis
_ Phate of potash.
¥~ Rutile, Anatase and Arkansite son
times become magnetic after long heati

Streck ochre - yellow
tin.es has a sub-metallic
lustre).

(some-

Much water in the closed tube.

t&~ Comp. Siderite and Blende,
Div. 4. p. 92, sometimes with
metallic lustre; also the min-
erals of the following section,
cspecially Chromite.




ETALLIC LUSTRE. 70
o _ ‘ !
. Compoition, Color. Streak. Cleavageor  Hard- | g, gr, | Crymeli-
Y
. 3Mn’0°, Black. Black. Basal. 5. .
E. ‘ black. Black. 4.7
nite. B ) ‘ brown. Basa.l. i 4.7
te. MnO. black. 5. 482
' H*™nO4, : o B "brown. Prismatic, 4.3 .
Ba,K*)0%+aq. ‘Brown-black. —47
o I
(hy- black |Red 5.—6. 4.14
site). . 5—8. 4.
| |
"i‘r;n) FeO?. Red. 5 4553 TIL
—— T i - - L : ‘
. eddish- |
te. (Fe,Zn,Mnj(Fe, Mn)0", browD. | '5.1 L
S 7 T [ -
te. black.  Black. © 5—-6.54.9-52
. , i
. 63
- —8.5 5—4.0
i
| _ | _
anite Fe)'0%. ‘ 5—5.
iron).
'H¢Fe?0". 6—4
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MINERALS WITH METALLIC LUSTRE.
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I MINERAILS

B~—Infusible or fusible above 5,and non-volatile.

Drvisrox 8,
Not included in the foregoing divisions.

General Characters,

Bpecific Characters.

Imparts a beautiful emerald-
green color to the beads of
borax and salt of phospho-
rus when cold.

Sometimes strongly magnetic; only ali
attacked by hydrochloric acid.

t& Compare Cassiterite,
which with soda on coal is
reduced to metallic tin.

Very soft ; soil the fingers.

B. B. in forceps colors the flame light-g
on charcoal with soda gives a sulph:
action, and gives coating of molybdic

Does not give the above, but deflag
with nitre, affording carbonate of po

Give to the salt of phosphorus-
bead the violet color of titanic
acid.

Crystallizes in cnbes.

3 Compare Rutile and Brookite, D
p. 95, sometimes with metallic lustre

Fused in & matrass with nitre
evolves the peculiar odor of
oxide of osmium,

Not perceptibly attacked by borax, =
phosphorus, or nitro-hydrochloric aci

®

rsl!ghﬂy attacked by acids.

B. B. immediately changes its color tc
low or white,

The powder fused with bi-sulphate of p
ash, then boiled with HCL, and filte:
and the liquid evaporated with addit:
of tin-foil, it assumnes a beautiful b
color, which rapidly fades, and gradus
disappears upon addition of water.

Gives like reactions.

@& Compare Polyerase, Div. 4, p.
Aschynite, Div. 6, p. 95.

Mostly soluble in nitrio acid to|
o yellow fluid, from which
ammonia throws down a sul-
phur-yellow precipitate.

With salt of phosphorus in R. F. & |
bead, becoming yellow in O. F.
Evaporated with phosphoric acid giwi
emerald-greex solution.

[ Y N



TALLIC LUSTRE. 1
Composition. Color. Btreak, Charagoor | Tard- | sp.qr. [Cogallis
;n) Fe €10, Tron-black, [Brown. Uneven. (5.5  |4.8 L
ite.|MoS?, Blue-gray. Greenish. Foliated. (1.—1.5 |4.6 V.?
0. Iron-black, |(Black. Foliated. [1.—2. 2. 111,
Iron - black to
CaTiO*. o oack t0\Gray, s |eos o
g. (Ir,Os,Rh,Ru. Tin-white. Gray. *ﬂ.—l 19.3—-21.1 (111,
lite |(Fe, Ca, T)*(Ta,Cby0". [T 2110w  toigrpian, Oonchoidal_.JﬁJ 5.7 IV.
Fe(Mn)Ta'0%, Black, Brown-black. |Brittle. 6.—8.5 |7.—8. IV.
4
g. |FeCb*(Ta?)0s, Black. Red-black. Brittle. 6. 5.4—8.5 |IV.
e. [(Y,B,Ce,Fe)*(Ch,Ta)'0%Black. Pale-brown. |Conchoidal. |5.5—0. (5.8 1L
re Brownish- Conchoidal,
oy 070" Fo o ieh Inrown black. |“TR O IM .0.4—7. L

R )
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MINERALS WITIIOUT METALLIC LUSTRE

A. Basily volatile or combustible,
B. Fusible from 1—6. and non-volatile.

L Yidd a metal or a mognetic mass wits soda.

Division 1.



!

72 II. MINERALS WITI
T - 1
Gerneral Chamneters, i 8pecific Charnctera, 8pecie:
!
- -
'B. B. burns with a blue flame.’
*.Of a yellow color ; when impure or mixed
;‘","'l’:"‘;:,'::l'“l’c ollor of ’“l"h“’l with earthy sulmtanu.s, gray or brown, Sulphur.
Fuse readily and volatilize, and Color aurora-red. Realgar.
] B. R. on conl with soda in R.!
-] F, give off arenical fumes.  Color lemon-yellow. |Orpiment
<] _= - ¢ .
] Heated in a closed tube give a [Occurs in thin plates with perfect cleav: Claudetite
fé crystalline sublimate. B, B. o ! P nge. | senous ac
with soda on coal give t.he R Arsenolite
8 strong garlic odor. |C°l°r \\lntc. senous ac
y Dissolve mostly in HCL with the evolution of -
© . . ! sulphuretted hydrogen,  Heated with pot-:KkryEs1
3 Easily fusible and volatile, cov-  ash xolution the powder becomes yellow.
= erivg the coal with a white i.;ﬂ_,.“ « goluble in HCL wi t evolution oflw
L A . y soluble in HC, without evolution of e
5 ““bl““"‘t‘; “l)xll(lle . °f_ 't““'" gas. Unchanged by potash. VaLENTL
) mony). Insoluble I WACT. Lyme reactions as Valentinite; differs only| SENARM
?’ in crystalline form, . . TITE.
9 Volatilize with dense white ¥ olatile without fusion, its solutiqn gives no Sal AmMm
o fumes; soluble in water.| _Previritate with ciloride of barium, AC.
Treated  with potash solu-[Volatile with fusion, its reolution gives a -
? tion give an mmmoniacal] heavy precipitate with chloride of lmriumi.\lase agnit
p] odor, '«u]ph.m- of barytar,
s Streak red.” Gives 4 Teaction for salphurous; o ..
With soda in the closed glass-; acid in the open glass-tube. Cinn bar
tube give u sublimate of me- Sgreak white.  In the nitric solution nitrate! T
tullic mercury. nlt‘ls.l\]vr ;:m]'s a heavy precipitate of the Calomel.
chloride of silver.
Partly volatiic ;" with goda on T ’ . .
coal gives lead globules, |Dl po-its a lead-coating on charcoal, Cotunnite
ﬂ 3/~ Sea also mineral coals in : B
. | the appendix, l B o
T 1 Proustir
‘ B B. on coal gives an arsenical odor. (light-re
- . ver ore).
5 g e e —_
o = 3. B. al wrives a whi blimat ide TYRARGY.
CRR - o g e et sl Ty
% L silver o1
: g : o Same reactions as Proustite, but eaxily dis-|
el % tinguished by its orange-yellow color and Xanthocor
HE'ZEl streak.
- XTae 5
'§ B §§ %3 377 Compare Mivrgyrite, Div, 4, page 67,
e ES ‘In a closed tube, with bisulphate of potassa,
WL IDES gives off hydrochloric acid vapors, fases to CERARGY
A 8573 a pale hyacinth-rad globuie, becomes yel-| 11kl
o g. A low when cold,
€ 3 3 In clossd tube, with bauiphate of potasaa,’
=02 < |Maileable and sectile. ; p:m-s U inline vapors, fuses to a very Iodyrite.
2 3 '3 1 dark, aliost black globule. |
g I "7' Q .]'n a clowee] tube, with I)lill][l]latte of pot-mum.. Bl’o“l)’l'lu
[ < | gives of brondne vapors, fuses to an in-
= e i ' bee oy
gli S I ! 1\";1‘-'" lobule, becowing ’cuolemboliu.
_ i :

H \-m! et |I||:' Tnstre there 1 freqge E Lerg s of cutar inasin de spoecioa (for example, n Toarm
e erne ,,,,.. non vrat st es. T afveak m this gronp {4 generally paler tha

] L el et "6 femne oy the ennl or in the open giasa tube

e by fusing metaiie bis.nuth with sulphar, and grindi

410 caon

applicat.te Lt 1t~ .r .'.n . The :-;-!u':th EH




(ETALLIC LUSTRE.* 72

| Cleavage o © Hard- ; Crywtallizn
Composition. Color, ! l"r‘"‘":f““_”' Lustre. ; n::na. 8p. Gr. | Fusibility. ,y:i'c::“n.
: \
I = . ]
'3a! - yel-! . : .
3"](}:3“' yel Conclvidal. Resinous. ‘ ,5:—-2..‘)|2. Easily, [IV.
R ' [
urora-red.  [Conchoidal. Resinous, '"5C%. ii‘.f» LEasily. V.
) -~ Folinted. _ Pearly. 1.5—2 348 |Ensily. [IV.
White. Prismatic. Pearly. 5 3.8 hv.
_ _ I —_ !
15 3.69 VoL L
). ‘Cherry-red.  Lasal, Adamantine. 1.3 4 5 1. EV.
| .
:Prism:xnic. H—5. 260 I IV,
i |
- — ) e e—_— T
White. Octahedral. | —2.5 5.22 L
- e — — — - g -
White, yellow. ‘ 8 1.5—2. 1.53 Vol .
‘50*+ aq. ey treous, 7 Vol. V.
Hexagonal, 25 Vol. TIL
. - i ! e - e
lGr:\y-\vhitc. ‘ 1.5 -5 Yol, 1L
[ Easily, IV
- R —— e - -
3 1Cocliineal-red.  ‘onchoidal. ] 5 1. III.
s, Dark -red .. ontine. 5 8 1. I
7‘ - i
81, Lot | | ¢ tine. 2. ls.l LII.
' . Resinous ada- . Ix
‘I’earl-gmy. mantine, |—18 |-)41 I. Il’.
——————————— — - i 1
1 | l |
iLemon -yellow .IBaml. Adamantine. 1.5 l'). 7 1 qr
_ | [ P UUUS R DN BN
Greenish-yel- | N '
o Mew ot e {-;.8—6. I ,['_,_
 darks 1.—15 5358 1. L

S elorless to blackY : eelor, ean therefors, genermlly ba uasd only s confimatory in
o of ponemetalie waieralsar s very e cly s,

T oo« .o yellow coat, and a chlorine 2uiipound a white cont.  These reactions are aspocially
Lt to a powder, . Goldschmidt.)

u
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MINERALS WITHOUT METALLIC LUSTRE

B, Fusible from 1—8, and non-volatile.

L Yidd a metal or a magnetio mass with sodm.

Divivion 2 (in part),
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MINERAIS WITHOUT METALLIO LUSTRE.

B, Fusible from 1—5, and non-volatile.

L Yidd a metal or a magnetic mass with soda.

Division 8 (concluded)

Drvision 8 (in part)



T4

vol;ﬁle.
_ mass.

.or only

a metaliic globuls or a

on ) - 7

B. Fuaible from 1—8, and not

DIVISION 2.—(Continued.)

DIVISION 3,
with hydrochloric acid give a beautiful bine color to the blowcpipe flame. and with

adtric acid gire a aolution which on addition of an excess of amrionia becomes vialel-blue, .

B. B, with soda on charcoal give a globule of lead.

of

Py

a. B, B. on charcoal cvolve a strong arrenical odor ; most of them alone on charcoal give a |
white brittle globule of .

II. MINERALS V

General Characters. Rpecific Characters,
0011:: is _F.; the others Vau
Lo itri -

B. with borax fn R F. turbidity an

give an ' T o o
bead.

added to the :

centrated hydroch b

solution gives an | ot

ald-green color. ‘Much i solution _

. Lo : - ayellow (I

: ) ct

1 précipitnte of . comes black.
of lead.

B.cgs?al]sﬁge 7 " In the matrass

| radiated

with prismatic crystals. - _

B. B. in matrass decrepi-;
tate strongly and
much water. .

~ closed tube givés off water and be-

gives little water (4 per cent.). Lo

The fused assay has an alkaline reaction. Con’

L

smal

none of the above re-

actions. . .

inam-
flocks..
|Euc

18 per cent. on ignition. Comt



LETALLIC LUSTRE. 74
Composition. Color. Cll::mor Lustre, !:::’. 8p. Gr. | Pusibility. wﬁm’-‘
. Blackish to Adamantine :
r0", olive-greon. reaimona " [3—3. 5.0 Easily. |V.
004 pber,  |Brown or yel- Resinous. [2.75—3.6.8 Easily. |IIL
Yellowish-red
V208, or ochre-yel- Dull, 8.5. 5.6 Easily. |Stalac.
low.
DYBCrpon, (PN Vitreons. (8. [5.77  [Easily. |V.
" Olive-brown to 8.5 5.8 Eesily. |IV.
3)1As'0'" +3aq. |Dark-green. 4.5 3.93 (¥) (Easily. (Massive.
A LD Grass to black- .
1)3A5°0%+2aq. ish-grrcen, 4.5 5.35 Easily. [Massive,
Olive-, leek- . .
' o0t Sometimes fi-|Adamantine
0'+aq. grlc?. :1:. kish- =) e to vitreous. 3. 4.1—44 (2. 1V.
Dark  bluish-, Pearly to .
0O'!'4-8aq. "~ green. Basal. vitreons. 2.5—3 4.10—4362. V.
0'+Uaq. A, |Basal. 1L—2. [3.06  [Easily. [IV.
134 10, Emerald-grass ] o o= N
0'34+12aq. I green Basal. Pearly. 2, 2.9 Easily. |IIL
) .o, |Pistachio  to
(A8 PV 0%+ e rald- 45 (413 |Easlly. |Massive.
green.
) Oy 3 ’
I*(ASPYOT+138ky e to Vitreous. (2—2.5 [2.0  [Easily. [V.
0°+7aq. L oo™ [Prismatio.  (Vitreous. (8.5—4 (3.9 [2. Iv.
o Grass to emer-
0'°+2aq. ald-green. ! Dull. 4.5 4.04 Amorph.
Emerald to
294+ 3aq. verdigris-{Amorphous. 4.5 4.16 Amorph.
green,
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MINERALS WITHOUT METALLIC LUSTRE

B. Fusible from 1—8, and non-volatile.
L Yield a metal or a magnetic mass with soda,

Nivimox 8 (concluded),



N

o

B.--Fusitle from 1—6;

and ntt volatile, or qply partially volatile.

or a magnetic mass.

Dremiox 2 —(Continued.)

 gite a metallic globy
Motstened with hydrochloric actd give B. L. a beautiful dlue color to the flame, and with nitric acid give @ sotutivn which on addition of un excess of ammon’a

1. B. B. with soda on

11. MINERALS '

Genernl Charnctera,

Specific Characters,

a gruy aubhmuu:

|
T
Colnr the flame blue \\lth-. -
out previous moistening
! with HCL.  The nitric,

solution yiclds a pre-’

arly the‘snmc reactions.

silver with nitrate of -
silver. !
'1 ields

Ve
'Readily soluble in water ;
i not.

B. with soda give ' - ... - - .
sulphuret whichon -~ -~ | B TR
tening blackens silver.

Resembles B
7ofr water.

- them on charcoal yield a malleablo copper-bead,

* becomen violet-hlue.

|

|

|

i :
i in nitric -

\

]
T

The nitric solution has
yellowish - green  color
and gives, withan - '

of .. - Serfect busal cleavire
U0 amd a} Perfect busal cleavage.

L LTI T s fased,
the snlutmu obtained acidified with HCI .uul
tluid becomes emerald-green, and when dil -

cipitate of chloride of . . ‘ ‘ e— _

the others

E - i R
precipitate of subclloride -

- and quietly solu addition of
oot T acd, FE R,
tate 0
. o with-o©
_ ?
3 wassolve in nitricacid - . ‘
g ! effervescence giving = . - e
2 i carbonic acid. ves with soda
E Ce o T T e e
© . e e L 0
‘d7 - I 77\‘
' Easily and Losts T per cent, o
5 . .

Gives much water in closed tube, and =~ .. ' -.

solution gives. when warmed with mo-|
Iybdate of nmmonia, a yellow

precipitate. ‘

‘ aky -blue, | |



TALLIC LUSTLE.

Kb
Cleav Hard f staliisn
aposition. Color. leavage oF Lustre, Hord- | 8p. Gr. |Pustbility, Ctall
I
Leek-, black-. i
H*CuO?, olive-,emer- Prismatic. |Vitreous. 3.5 4.25 Fusible. IV.
ald-green. ' -
1*Cu0’-+ 4aq. [Blue to green. 3. l35()  |Fusible [Massive.
| |
I
3,0)+aq.  [Sky-blue. 25 | | ;I.
White.
|
|
aq, 18ky-blue. 2.9 :2.21 Easily. |VI.
Emerald to I .
3aq. blackish-|Prismatic. 3.5—4 i3.4-—-3.9 Easily. |IV.
green. i
Iudigo-blue - | .4
adige Basal. L6—2. [4.0 111 R
4aq. QGrecrish-blue, l2.5-—3 i3.5 IV.
. Earthy, o - .
Cochineal-red. [Octahedral. | 5 :\n{in e I3.0—4. 6. Easily. |I.
Black to . i .
brownish- M::;l':;c to 3, 15.95 Dllm cult- 1V,
__ black. v | | y.
H:0. G‘:ﬁ_;e‘z‘:"' Fibrous. [Silky to earthy 3.5—4. }3.8 9, V.
I
-H0, Blue, Vitreous., 4. 3.7 2. v.
'0*+2aq. Bluish-green. Pearly. 2, D’]l;c“u' Acicular,
_ N Celandine to i o s
CuCl*+10aq emerald-green Vitreous-silky 'd.——d. 3.85 I
T Dark olive- . | . - :
H*0. . Resinaus, 4. 3.7 2. jIv.
+2ag. Dark-green. Vitreous. 455 4.2 2 |n
] Verdigris to - . :
3aq. oo oy Vitreous,  (3.—4. 4.07 V.o
Grass-leek- :
*+8aq. apple to emer-|Micaceous. |Pearly. 2.—2.5 3.5 2.5 IL
ald-grecen. ’
»
oMy 3 Olivevgreen to Q= .
0?+H0. hemon- cllow. Rasal, Pearly. [3.—3.5 l.s.., Easily. |IIL |
| !
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MINERALS WITHOUT METALLIC LUSTRE.

B. Fusible from 1--5, and non-volatile.

L Yidd a metal or a magnetic mass with sode.

Drvimor 8 (in part)



II. MINERALS WIT!L

DIvsioN 4.
B. B, tmpart a beautiful sapphire-

biue color to a Lorax bead.

| a) During

gelatinizing.

1. B. B. with sodie on charcoal give a netaliic globule or a magnetic mass.

B.—F'us'ble frcm 1—5, and not vclatile, or only partially volatile.
Divisiox b.

‘B, R. fused on charcoal in the R. F, give a black or gray magnetic mass, but do not give the reactions of the preceding divisiona.

|
|

Qeneral Charactera. Bpocific Charactera, Species

B. in matrass yields

much water and becomes;In HCI soluble to a rose-red solution. Eg‘l'rt:{;l]l

smalt-blue. N (coba 3
with dxﬂiculty col- Soluble in hydrochloric acid, with evolution

ors the flame green. . of chlorine. ? Heteroger

 Ammonia rives R Annabery

Ammonia gives a green precipitate, which is (alwa:
dissolved in an excess to a sapphire-blue t.aim-;y : li
solution, ccbalt)

. HCI and nitric solu-
tions have a green color.

Fuse easxly B. B. to L
netic beads. I‘he T Pitticite.
1 of the pulverized -

als are quickly - ‘ : . Pharmaco

to reddish-brown by ‘ isometric. Tite.

solution of caustic :

ash, orthorhombie. SCORODIT
Librous, with silky lustre. | brownish-yellow—9 p. c. water. Ars?i)itgsi
‘t ostly soluble in water. iWit‘h excess of ammonia gives a blue solu- o

| -tion. Sometimes contains arsenic. Morenosit

Gives much water (13 p.c. Soluble in strong HCl with e\'olut.lou of
in the closed tube, and col-  chlorine. Soluble in phosphoric acid to a|Rabdionit
ors the borax-bead blue.  violet fluid.

Gives antimonial fumes

b) Soluble in HCI without leaving a

charcoal, _ water in the closed tube. Stibioferr
little or no water in the closed tube. |Pettkoite.
‘ S . MELANT
o soluble in water rrE (copp
B. swell up and in . " ble in water, leaving a yellow residue. |Botryoger
R. F. fuse perfectly to .. - _—
magnetic slag. The [ | Roemerite
) lutionsgive with ch P
. of barium a heavy o reactions as Botryogen. Their pow- COQUIMBI
! pi;nt.e otl sul_}t:ll:ate "~ ders are immediately turned brownish- | ~
ryta, and wi . red by solution of potassa. :
a g’reenish o “ y pol Jarosite.
which in the air - —
to brownish-red; all ex-i Fibroferri
cept Pettkoite,give much -
water in the closed tube. [ COPIAPIT!
[ 1 —_—
‘ in water; powders yellow. 4 |Raimondi
L Carphosid
color and octahedral :

i crystalllzutlon Voltaite.
atrr s P fusible ; becomes by heating black|Siderite
S":‘;fb_:g;cz‘;z?d HCl __ und magnetic. (spathic-i

. - '£2™ Compare Mamte. Div. 4, page 92,
Compare




[ETALLIC LUSTRE. 76
N |
Composition. Color. Clenvage or Lustre, Bard- | 8p.Gr. | Fusbility, C7galiee
0%+ 8aq. poneions  |prismatic. [Pearly. 1.5-2.5204  f2. v.
Black—red- l Difficult-
-2C0°0?%) + Gaq. brown. i3. ly., - Amorph.
0% + 8aq. Apple-green. Earthy. 'Soft. Easily. |V.
'Yellow to red- ! ; P
As*0’S0%, HO. dish-brown. 2.—3. 2225
Green-red- . .
] .
0%+ 15aq. brown, yellow. Cubic. 2.6 43. Easily. (L
Leek-green to| , | .
)? + 4aq. "brown. 3.5—4. I3.2 Easily, |[IV.
9 o Brownish-yel- . 'y :
e)As’0* + H*FeOf low. Silky. 1.-2. |6.8 Easily.
~ Apple-green to| . [
+7Aq. bluish-green. Vitreous. 2. {2'
[ !
a,Co)(Fe,Mn)0*. [Black. Soft. 2.8 I,
i ;
Sb*0%,H?0. Yellow. Resinous. 4, :3.52 1V.
)
e)S20", Black. 2.5 l Fuses,
+Taq. Green. 1.8 V.
"Ochre-yellow -
BFe80+ 12uq) 0ol 25 204 |
. “Yellowish- as |
1)FeS*0'¢ + 12aq. brown. 2.75 I2 17 V.
. White to yel- o )
7 Oaq. low. 2.5 2 IIT.
340’ 4 Guq. Ochre-yellow. 3. 32 ! 111
. White to pale o
*+10aq. vellow, 1.5 184 | Fib.
3 +18aq, Sulpbur - yel- Pearly. 15 24| 1L
Honey- to
)4 Taq. ochre-yellow. Pearly. 3. |3' 19 l II1,
)" 4+13aq. Straw-yellow. ‘Resinous. 4, :2.5 I Mass,
Black dark- . ' |
0 +20aq. green. | Resinous. | ; L
. Ash-gray to  Rhombohe- Pearly-vitre- |4. 3.6—3.9 4.5 IIL
. brownish-red.! dral. ous. |
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MINERALS WITHOUT METALLIC LUSTRE.
B. Fusible from 1--5; and non-volatile.
L Yidd a metal or a magnetic mass with soda.

Drvimioxn 5 (continued)



T

B, Fusible from 1—5, and not volatile, or only partially volatile.

a magnetic mass.

L B. B. withsoda on

do not gire the reactions of the preceding divisions,

B. B. fused on charcoal in the R. F. give a black

~
-
o

or with ,
_of licu.

¢) Bolable in 1[Cl, forming a jelly,
the - i

II. MINERAL

General Characters, 8pecific Characters. 8p
nitric solution gi ‘
with molybdate of am- _ves water in the closed tube.
monia a yellow precipi- .
tate, Moistened with . .
sulphuric acid color the  ~ the reaction for fluorine when ‘
flame bluish-green (phos- in the closed tube with bisulphate of po-|
pharic acid). tassa.
borax in O.F. dis- T
solve to an amethystine from triplite by its color.
. glass (manganese). L -
above |
acid reaction wi ‘ A Lo
lybdate of ammonia.| borax gives the manganese reaction,
The blowpipe flame but not so plainly as the minerals of the TrIPn
colored purple-red preceding section.
streaks (lithia).
above phosphoric acid reaction with molybdate of ammonia.
The solution with chloride of barium yields a heavy precipitate of Dindoc
i of baryta.
.
aci(fih(i' : u‘::y:np‘:?;f hglr:_:.Loses 28 per cent. of water on ignition. Vivian
lybdate of ammonia.|
Moistened with sulphuric'y, 1 somiti D
acid the flame is colored| oses 10 per cent. on ignition. UFRE
g;;;e gﬁf-;’; bEO::y éﬁ.ﬁ;,Loses 19 per cent. on ignition. Boricki
rhows only the reactions'
for iron. Loses 33 per cent. on ignition. Cacoxe:
25~ Compare Deraunite. Beraun
Difficultly fusible to mag-|Streak red. Hemat
netic globnle} _ Streak yellow. Limox:
" a matrass water,
and with forms a'luses with slight puffing to a black glass. |Cronste
perfect jelly. L
STILPN
Radiated, sometimes foliated. LANE
codit
n the matrass yield wa- Micaceous. Voigtit:
ter, and are decomposed:
by HCl without gelatin-|Massive. Ekman
izing.
Massive. Euraliv
Sometimes gelatinizes, sometimes does not. |Palagon




{ETALLIC LUSTRE. ™
!
fon. Color. Cleavageor | Lustre, Bord- | sm Gr. x-'munm.r"’;‘,ﬂ‘_
- 5 !
, Orange to red- : ’ . l
'0% 4 4ngq. disltfycllow. Vitreous. 5. i3.2 Easily. V.
+(Fe,Mn n ‘Cleavable in i
(Fe, )Br&vg;:h three _di-|Resinous. 5. 8.6 1.5 IV.
. rections.
Flesh-red to |
'+ H'Fe" ) vender- Silky. 4. 3.7 1.5 vV.(»
blue.
i -
‘08, Greenish-gray, 'Perfect. 5. .54 1.5 Iv.
bluish, eto. |
waro. R eloW. \prgle.  Resinows 3. (208 |Basily. [ATOC
:Different o o ‘
| shades of |Perfect. 1.5--2. 2.6 1.5 V.
blae. ous.
Dark leek- : B R . F/
Radiated. 3.5—4. 3.3 Easily. (IV. &
. green. 8 o i A8ty iy
neddish- ! P .
+15aq, SG3NE | 85 2.7 Easily. |Mnss,
' _~ 7 Fivrous, ra- . ' 2 o
1 | dioted. | st g
Foliated. o0 2.87 Easily.
- ., . Du 6.—0.5 [+.5 5. 111
- - i i i =
. T 16. 3.6—4 3.
: |
+ Fe'  paven-black. | Basat itreous. 3.5  [3.35 Easily. |IIL
—_— - I
1)8i*0" Pearly to sub-'3 - Easil
compact.  metallic. ’ 2.76 ¥
1 25 201 Easily,
L 25 | Easily.
a. - 25 202 Easily.
— | N _ N . ! — | — —
_ _low-red Vitreous, » 8--2 -
i,aq. black. | greasy. 45 (1L8-2T |Eesily.




gl
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MINERALS WITHOUT METALLIC LUSTRE.

B. Fusible from 1—5, and non-volatile.

L Zidd a metal or a magnetic mass with soda.

xvamox § (continued)



1I. MINERALS WIT

or a magnetic mass.

do not give the reactions of the preceding divisions.

B. Pusible from'1—6, and not volatile, or only partially volatile,

1. B. B. with soda on

B. B. fused on charcoal in the R. F. tnee a black or

Genernl Characters, 8pecific Characters. Specic

Intumesces slightly ; decrepitates slightly;
fuses quietly to a black magnetic bend.

Swells much and fuses easily to a bulky

little or no water in| brown or black glass. After scparation
the closed tube; with| ©of 8iO, from the HCl solution, ammo-
HC) they gelatinize. Not| Dia gives a precipitate which dissolve
cleavable. in oxalic acid, leaving a white resi-|ALLANIT
due, which ignited, treated with dilute
HCl to separate carbonate of lime, and
again ignited, gives a brick-red mass

ILVAITE.

(Ce).

<
i | Magnetic. FAYALIT
B - - g

Decomposed by phosphoric acid the jelly '
‘°‘, ! immediately becomes violet when treated H‘::::x
£ (Crystalline and cleavable;; with nitric acid. g
. gelatinize perfectly.
» Same reaction. Knebelit(
g

Gives with soda a sublimate of oxide of zinc.|Roepperi

iMixed with salt of phosphorus and oxide of

with separa- copper tinges the flame green (chlorine). Pyrosma
tion of silica without

| gelatinizing, F=2. The HCI solution, boiled with tin, is colored

i violet (titanic acid).

Astrophy

a residue of sil- Micaceous. LErIboy
ica in form of scaly {55~ Compare Diotite. LANE.
flakes. _ o

T ' some varieties forms ALLOCH
. an imperfect jelly with - ~ cleavable, easily fusible. (iron |
. HCL o - o B garnet
iong Vheati'ng' b"ecome' Amorphous. Gillingits
. magnetic. Decomnposed
by HCI without forming —; .
a jelly. Give water in.F'bW“B- Xylotile.
matrass, i

&~ Compare Limonife, Div. 4, p. 92.
Tinges the flame purple- Very perfectly cleavable in one direction Lepidoli
_red (lithia). | (micaceous).

. a violet color to Some specimens contain enough iron to be- Rhod
borax bead. | come magnetic.

3 Boiled with phosphoric acid give a blue ay-
s by aqua-regia® TUP; with spdu and nitre on platinum ‘foil WOLFRA
£ with nseparation of a give the bluish-green manganese reaction.
b 3"';; w i~.wder (tungstic Same reactions. Megabas
acid).
Same reactions, contains no iron. Hiibnerit
Fl;ﬁ?zggl:gzra:“:{on Gela- oy easily cleavable. G.n:

@) Unly slight's acted upon by hydro- l




ETALLIC 1L

USTRE.

8
] - —
omposition. Color. Cleavese o Lustre, Nem- | sn. Gr. | Fustvitty.| Cystalli
s*Fosiio,  Gray to iron- 5.5—6. |4. 25 IV
Di, Fe, Ca)*(XlPitch-brown Pitchy to res-
o, to black, inoxs. 5.56—6. (3.—4.2 [5.5 IV.
Dark-green . .
R;O“i:n to :5;:: n: l&:)xv Resinous, 6.5 4, Easily. [IV.
ack.
Yellow to
Si0*, durkyellow [Thre®  |Resinons. (6.5 (391 |4 Iv.
green. BES.
] \Gray, red.
8104, brown to 6.5 4.12 Easily. [TV,
| _black. _ _ .
ZnMgysior, Dircgreen toReClgl Iyyeons o 4. Dift. v
N IBrown to
JCI + T(Fe,Mn)™, | okish-  |Basal. Pearly. 45 [336° fes |
t vaq. __green.
;gl";i')l%y’ (Fe, Brltz,l:vw-y el INicaccous. |Pearly. 3 3.32 Easily. [IV.
r . .
. sqisn (Dark-green tol . . .
1, Fe)3Sic0n, black. Micaceous. |Vitreous. 3. 3. Easily. [III.?
01 Green-yellow o 3.7—4 3 L
201, to black. reasy. 7. . B .

N & Brownish- Amor-
13,0a,51,8q. | "yjpck. Dull. 8. 3.04 phous.
3i,aq. Wood-brown. Fibrous. Silky. 2.4 !
iyarsiton, [RO00 580 Micaceous. [Vitreous,  (2.5-3. 288,  2.—25 [IV.

Rose-red,| |
. b el;iownixsh- Perfect. Vitreous, H.6—06.5{3.01 ‘2.5 VI.

r
IWO*, Black. Prismatic. |Sub-metallic. |5.—5.5 [7.1—7.5. 2.6—3 |V.
!

'WO?, Brown, I'rismatic. [Sub-metallic. i3.5—4. |6.4—0.9 ;Ea.sily. V.

_ i ;

Brown-red. !Prismatic. !Ad:nnnntine. '4.5 7.1 Easily, |[V.
1018, R'cigh?;e%':ow"' [Vitreous. ;7.—7.5. 3.7—4. I3. )







-
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MINERALS WITHOUT METALLIC LUSTRE

B. Fusible from 1—5, and non-volatiie.

I Yield a metal or « magnetioc mass with sodn.

Drvisior 5 (concluded),

Diviston 4.
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8. Fusible from 1—5, and not volatile or only partially volatile.

L B. B. with soda on charcoal give a

Divismion 6.

B. B. fused on
muse, but do

Noi

d. {Contin

1I. MINERALS W

with soda, and then dissclved in
and treated with ammonia to separate iron,
Fuse quietly to a the filtrate gives with oxalate of
' shining glass. a . :

no lime when treated as above.

_ P B
‘Easily fusible (1.7—2) water in the closed tube.
| strong intumescence
:sg?&iogflﬁ bubbles " no water in a matrass,
|

‘Fuses at 3 without swel-

ling. Gives water in cavities in rocks.
matrass. ‘7 o o

{3~ Compar. \
. 6, p. 88, Tmtnmdi(w,
.06, 87. Compare _

Subdivision o,

in loosely granular masses, or

\‘V 78.
‘ .
‘ ‘ 801:‘2:lorless . B. on charcoal fuses, fumes, and is
becomes sorbed. InR. F. withsalbof |
on aglt.xiﬁon with gn;:; a bead which when cold is ‘
foil. - fr 77777
perfectly with HCL

i with sulphur and - ot Lo
iodide of potassium on, 3

charcoal give a fine red vesoence.

sublimate on the coal

e ith ealt i !
gzompare Walpurgite, W‘in o F.Ot phosphorys gives a green bead

P

"t~ Compare Samar-
skite, Div. 6, p. 69; Adan-
ite and ;.eptdomdane Div.
‘5, p. 8.

" Bpe

ITE.

! Glaw

Molybd




METALLIC LUSTRE 9
|
Gomposition. Colr. Cleavageor | Luwra, Hard- | g Gr. | Posibitey, 070l
2 Mn)Si0* + PeDark green- Splendent.  5—6. 3.36 25 VL
Red-brown toCleavable at
1*Fe)Si0". blackish-| angle of Vitreous. 6. 3.4 2. V.
green. 93°.
' Mg, i, aq. Green to lav-\Fibrous.  [Silky. 4, 3.2 Ensily.
Fe, i Perfect :
”'e Ca)Si0* -+ Fe Black. :ngel?a 13;33.,'? Vitreous. 6 8.4 2. v.
K K1 §i,aq,  [DocPolive tog., Dull Soft. [L.—2 [2.2—24
»AS,AlLBLAaqg. sea-green, y. . . . ~. B
Sulphur- l
orange, yel- Silky, earthy. 1.—2. 4.5 1. Iv,
low.
Dark hair-
)N, brown  to Resinous. 4.5 6.1 Easily.
yellow. |
A '
OU4gH0, | pite to yel- Dull. 445 6.8-7.0 |Easily. |Amorph.
Reddish- Vitreous l v
R brown. Basal. udamnntine.r' |5.91 Easily. [IV.
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MINERALS WITHOUT METALLIC LUSTRE.

B. Fusible from 1—56, and non-volatile.

U. Yield no metal or magnetic mass with soaa.

Drvimiox 1 (in paxt).
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. II. MINERALS WI

B. —Fusible from 1—6, and ron-vclatile or only partially volatile.

II. B. B. with soda on charcoal give no metallic glovule or magnetic mass,

Drvision 1.

B. B. after fuxion and con'inued heading on charcoal or in the forceps have an

, and ch

11

ge the color of moistened turmeric paper to reddrown.

a) Lusily and completely soluble in water,

General Characters, I Specific Charncters. ‘ sp
) S i
‘Fused on atinum wire colors the _
violet. R -
tinnm . ) -

B. B. on charconl defla-;
grate strongly. :

In a matrass yield much
water; the agueous so-
lutions react alkaline, trite
and effervesce on addi- - -
tion of an acid.

not alter on exposure, )
[t - R
‘. Ca ©_. cobal
. a . "0 som
, ‘ R
* solution . . ,,h‘“‘
I
! - I _
| -
The aqucous solution does’ . -
| mot . .. _ -+ does’ o ‘(_glu_ub‘
| not - “ Sl - - o ) ‘Thena!
i cipifnte B Loewe
' baryta, which : - I —
ble in acids. o ! S E Kieseri

Like epsomite but does not effloresce in air. Simon

Yield no precipit: in

aquemsresoiut}l;ﬁss . - Yields a heavy precipitate with bichloride
chloride of bLarium - blatinum,

alkalies; with nitrate - o o
silver yicld a heavy pre- ‘
cipitate of chloride Yields no precipitate with bichloride of ' Hze
silver; the reaction tinum. (comm
not alkaline. ‘

Moistened with strong . alkaline; does not effervesce -
phuric acid givesa green  acids; bubbles. swells up, and fuses to
tlame (boric acid). I eclear bead B, B,




TALLIC LUSTRE 80

mposition. Color. Clenvage or Lastre, Hurd- | 8p.Gr. | Fusiviliey.| Cytalt-
Whidte, Vitrcous. (2. 1.93  'Easily, [IV.
I
|
White. ; Vitreous.  |1.5—2 lsz Easily. |ITL
r10aq. [Gray-white. | Earthy. 1.5 il 4 Easily. V.
— I . !
Faq. Gray-whito, | 1.5 51.5_1.6 Easily, [TV.
- o | i
+3aq. Gray-white. : 2.5—3. i2.11 IEusxly V.
T Colorless- Vitr 2.25 ll 7 . 'Eesiy. IV
-Taq. white, itreous. 2.25 I y. .
i i~ : i
164 24nq. White. ' Vitreous, 2.25 il.75 Easily. L
White. | Viteous. 3. [173  Easily. |IV.
) A 4 I
-10aq. White. [ [Vitreous. }1.5—2. :1.48 Easily. V.
I_— I
White. i Vitreous. 2. iz.ss Easily. |IV.
R, ,
30'+Gug, | Cow- white,] Vitreous. 25 237 Emsily. IL
-aq. White. Dull. 2.5 2.51 (Easily. |IV
'0% + daq. “l;:‘l' orange- !Ensily. V.
Colorless to
'0® + 4aq, blue-green, 2.5 2.24 Easily, IV,
. yellow, o
34 6aq. “'! o |Silky. 2.5 Easily. (V.
y |
Colorless to . ) .
"\3;{::: (Cubic. Vitreous. 2. 1.9—2. Easily, L
Colorless,! |
white, red, Cubie. Vitreoua 2.6 2.15 Easily. |L
purple. l ‘
+10aq, ,Gray-white. ‘ Vitreous. 2.5 i1.73 Easily. |V.
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MINERALS WITHOUT METALLIC LCSTRE.

B. Fusible from 1-—6, and non-voiatile.

JL  Yield no metal or magnetic mass with soda.

Divimion 1 (coneluded).
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B.—Fusible from 1—5, and not volatile, or only inrtially volatile.
IL B. D. with soda on

ctallic globule or magnetic mass.

alkaline reaction and chanye the color of moirtencd turmeric yaper

B. B. qfter fusion and continued heating on cliarcoal vr in =~

II. MINERALS WITL

General Characters, Bpecific Charactera. Bpe
‘ - . . Gives much water In closed tube ; partially
fhe£°m?t§ellfw ) molll?' soluble in hot water; the solution is alka-!U LEXI
;:la;:xrio w::ci d “;:Igfs 1h; line. (Gives boric acid reaction with sul-/ ="
tlame green (boric acid). phuric acid and aloohol.)
Gives much water in the closed tube. Gay-lu:
* |The dilute solution gives a heavy precipitate
in dilute hydro-| with sulphuric acid; fused in the forceps,| Withe:

chloric acid with effer-
vescenoe.

The HCI solution gives a precipitate with

colors the flame green.

ammonia (phosphate of lime). The nitric Staffeli
solution, warmed with molybdate of am-
monia, gives a yellow precipitate.

.~ soluble in much
hydrochloric acid; the
solution gives with chlo-
ride of barium an abun-
dant precipitate (Ba
80'). The solution neu-
tralized by ammonia,
glves with oxalate of
ammonia a precipitate of
oxalate of lime.

‘Vcry little acted upon b_v,'|

|
-

HCL. B. B. with soda
give a sulphur reaction. ;

eated on charcoal evolves

_an arsemcal odor

.Yieids no water;

‘F'used in the forceps colors the flame red.

In closed tube yields much water. Gypsu

Yields little water in the closed tube. In ity
solution bichloride of platinum gives a yel- PoLvym.
low precipitate. Partially soluble in wuter.l

Yiclds no water, and is not precipitated by|
bichloride of platinum. Partially soluble GLAUB
in water. |

does not precxpltnte by
x:hlonde of plutmum, insoluble in wa-|Anhyd

{# % Compare (elestite, below, which in fine
powder is slightly acted on by acids. .

Fused in the forceps colors the flame yellow- Barite.
ish-green. g

Celesti

Yields water in a matrass. Pharma

.Easily fusible in the flame of a candle.]

When fused with bisul.'
phate of potassa in a
matrass, yield vapors of
hydrofluoric acid, whichl
corrode the glass,

!

concen-
trated hydrochloric acid ;!
the solution when eva-
porafed gelatinizes. i

iYields no water in the closed tube.

Oryolit

T Fluc
(fluor:

Chiolite

Pacnx
(Thoms

Arksuti
Chodne
Gearkst

(F=1)
In the closed tube decrepitates and genemlly
phosphoresces.

Same as cryolite (occurs in granular masses).

The same, but in closed tube yields water,
which has a strongly acid reaction,

Yields no water in the closed tube.

Yields water in the closed tube.

B. B.” unmcdmtelv becomes white und opa-
que; fuses at 2.3 with intumesoence to a
white blistered glass, which placed on fuar-
meric paper gives an alkaline reaction.

CANCR
(near n
lite




ALLIC LUSTRE. 81
*omposition. Calor. Cleaveee or Lustre, Hard- | gp. ar !-u&lbllny. Crygtalliza-
|
0%+ 5aq. White. Fibrous. [Silky. 1. 1.65 1.
| |
. Vitreous Py - -
4+ CaCO?+ 5aq. \jhlfﬁ. pearly.’ |2.—3. 1.99 IEaxnly. V.
| :
White-gray. Vitreous. 8.5 I4.3 2. |IV.
' i
Leck-green to! I I I l
184+ CaCO3. green-yel- ‘4, 3.13 -Stalact.
/ low. ‘ " ! I
I —
1
. Colorlesr, |In 3 direc-'q: . I ‘ar !r
+2aq. gray-white, tions. Sllky,vxtreous.:.?«. i.‘3.3 r.o—s. l\.
Yellow to : 05 oo ;
1S40+ 2aq, brick-red., Vitreous. ;...o i2. e i1.5 V(D
]
Yellow to ‘o [P
208, gray. |2. 1.5 Y.
_—(._'ol—zyrless, | T
white-blue, 2.9 2.5-3. [IV.
rud'._ |
; I i
o I e
All colors, .Basul | :
white - yellow, s PO vitreous, 25-354.5 3. Iv.
hh.u:. ’ fect. :
Colorless,  Dasal, per-i¢.. N arR s v
B T L ek (O L
1Qi+Daq. W Tay. 'Vitreous. 2.—25 2.7 Easily., |V.
& q M I |
L |
i, :}‘;;:fk“’ ‘Bn:;:lt. PEF Vitreous. (2.5 I'; !1. 1v.?
- e e o mee . . I
Allcolors.  Octahedral. iVitreous. 1. ls.:s . I
2, Snow-white. I i2.72 |I. 11
\1F'% 4+ 2aq, Colorless- [Vitreous.  |2.5—4. 2.75  .Easily. [V.
- white, ’ T ) | i
1F, White. [Vitreous. (2.5 3.1 ‘Easily. [Mass,
o, White. | 4. 3 Easily. (I
0+ 4aq. White. [Earthy. 2. |
i:0® . bl | :
some carfonic ‘;,2:&3;2{;'{ xagonal, iVitrcous. 5.--6. [2.5 25 1.
| |
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MINERALS WITIIOUT METALLIC LUSTRF

B. Fusible from 1—8, and non-volatile.

1L ¥idd no metal or magnetw maes with soda,

Divmaiox 2 (in part)
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1I. MINERALS WI1TH

soda on charcoul gice no metullic giwbule or magnctic mass,

B.—Fusible {rom 1—B, and non-volatile ur orly partially volatile.

Drvisiey 2.

(s no? yelatinized by evaporation,

Soluble tn hydrochloric ackl, some aisv tn wakr. The solutio

General Characters. 8pecific Characters. Spec

Give arsenical fumes onGives a green bead with salt of phosphorus

Fuses easily; with strong sulphuric acid it
gives off hydrotluoric acid, which corrodes Durangi

_glnss. _
Gives an amethystine bead with salt of phos- Chondr
. phorus (oxide of manganese). ite

charcoal. (oxide of uranium ; with 8 + KI gives a red Walpurg
sublimate on charcoal (iodide of bismuth).

Gives a green bead with salt of phosphorus, m .
__but no reaction for bismuth. Trogerit

Gives on charcoal a coating of oxide of zinc. Adamit«

Soluble in water. Colors the

borax bead violet when Gives much water (40 p. c.) in the closed p,\ ooy

_hot (oxide of manganese) tube.
. Moistened with a potash or soda solut.ionI Tscl:en
Soluble in water. Give a; gives an odor of ammonia. (ﬂ;ll‘l::

sulphur reaction with .
soda on charcoul. Fuse After fusion moistened with nitrate of,
when first heated, and: cobalt and again ignited becomes blue Alunoge
swell up to an infusible' (alumina), !

mass, {After fusion moistened with nitrate of co-g

arit

| balt and again ignited becomes green vitri
e (oxide of zinc).
Treated with caustic pot-
axh or soda gives the odor Gives much water in a matrass, STRUVT
of ammonia.
JImparts a violet color to the hot borax bead Sussexit
| (oxide of manganese). |
i - SaRSC
Soluble in water. (b?»rl:?‘
‘B. B. fuse easily with in- Ingoluble in wuter, gives 20 p. c. water on
tumescence, and color  jgnition, & P Wb‘
the flane green (boric -~ —
acid). Give the boric Gives little or no water. Boracr

1~ Compare Boraz, Div.:

Gives zinc reactions. oy~ Compare Sphalerite, p. 92,

acid reaction with sul- B e
phuric acid and alcohol. Lll;;!‘ tils'droboraclte, but contains only 7p. c. Szaibely
Like Hydrohoracite. Its nitric solution
gives o ycllow precipitate with molybdate, Liinebu
of ammonia.

L. p. 8O,

Give with borax a violet & Compare Alabandite and  Hauerite,

Moistened with strong sul- 1 ¢he closed tube phosphoresces with a

which " grive off sulphuretted hydrogen

when treated with HCL (See Div. 5. p. 67.)
Fuses at 3.--3.5 with bubbling ; soluble in
I dilute hydrochlorie acid.

bead (manganese.)

Wagner.

Kjerulfi

phuric acid color the, ging white light
flame pale bluish-green.: S e
The nitric solutions give|Fuses quietly at 5 ; insoluble in dilute hy-

with molybdate of am-| drochloric acid. Apatite
monia a yellow precipi-i

tate (phospho-mol ‘bdate. Reacts like apatite, but also gives muchi,
of mnlmun'ia). ’ ~_water in the closed tube (26 per cent. ). |Bm‘“t"
ISame as above. \Vater=:18 per cent. ;Isoclnsil




TALLIC LUSTRE. §2

Composition, Color. Cleavage or Lustre. Bard- | sp.ar. | Fusbuey,| Gl
i)%(A, Fe, Mn)Ast| - ; - I
F)e. Orange-red. |Prismatic. |Vitreous. 5. 4. 2. V.
3?01+ 3aq. Yellow-red. 3. Easily. |Gran,
! | ——
'As'O*+12aq. Wax-yellow.  Scaly. Adamantine. 5.8 i V.
0%+412aq. Lemon-yellow | Tabular, 3.3 V.
0 +aq. boneyscliow, [Pistinct.  [Vitreous. 3.5 434 [Eesily. |IV.
'Red to yellow- i
1g)S0*+6aq. Rcd‘:;’gi_‘;llo“- Distinct.  Vitreous, 2.—2.5 |1.89 Easly. [IV.
2A1QU0I8 1 O, Colorless to ..
AIS‘0'¢ 4+ 24aq. white. Vitreous. 1.—2. (1.50 L
Yellow, red- .
"2.418aq. twol:‘i’ml:e( Silky. 1.5—2. 1.7 V.
I
‘4 Taq. White. |Prismutic. YVitreous. 225 !1.05 iEaaily. IV.
i |
. " Yellow to l - i. | ’ .
gP0*+12aq, brown-white al, i\ itreous. 2. |1.7 IEaslly. IV,
. 0 L i
Ig)*B°0*+H*0. |Gray-white, ’|Fibrous. Silky. |3. '!3.42 ‘2,
; T Yell < ' : I ' s
"ellow to . B Iy
. White,[Sealy.  Pearly. 1. 48 L VI
B°0''4+0aq.  |White. Foliated. . 11.0—2 [Easily. |Fibrogh®
s |White, gray- ” e - -~
sCl'O%, B green. Vitrcous. 4.5—7. 12.97 ?-___' L
0''+3aq. White-yellow. 3.—4. 3. Easily.
B?0''+8aq.
[
0%+ MgF?2. Yellow. Vitreous. 5.5 3.07 3.5 V.
0%+ CaF®, Pale red. i Greaxy. 4.—5. 13.15 3. \A
f——— T ‘Sea-green, R T
‘084-Ca!C1,F)2. blue, yellow,| Vitreous. 5. 2.0—-3.2 14.5—5. |III.
|_red. white_.__ | N
bt Pearly- o _or . <
0!4-2aq. Yellow-white. Perfect. vitreous.  [>—2.9 l2.21 Easily. |V.
-whi Pearly- I
)*+-baq. ;Snow-white. Perfect. | vitreous. 1.5 |2.92 . .
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MINERALS WITHIOUT METALLIC LUSTRF

B. Fusible from 15, and non-volatile.

II. Fidd no metal or magnetic mass with sodo.

Drvisiox 2 (concluded).

DrvisioN $ (in part)



1. MINERALS WI

)
without

Soluble in

Division 8
Soluble in hyirockloric acid, forming a stiff jelly upun evaporation.

a)B. B,

B.—-Fusible from 1—6, and not volatile or only partially volatile.

II. B.D. with :oda on charconl give no metallic globule or

in the clo<ed tabe ;:;\-fr water.

General Uharacters. Specific Characters, 8
Soluble with difficulty in stroog acids. FusedI

! . with bisulphate of potassa evolves h)dro--

Fuse at 2, colormg the fluoric acid. The nitric solution gives a'Ambly;
flame purple-red (lithia). yellow precipitate with molybdate of am-
Phosphoresce  with  al opia,
light-blue light. A like mincral, with 4 per cent. of water.: r o

- Gives a pure lithia flame. e

‘With salt of phosphorus in|Fuses with ense in the matrass. The solu- .
0. F. give a yellow glass tion in HCl has a yellow color, and gives Autuni
which in R.'F. becomes! W l_t.l_l _ll—l_]‘u_l-l_o'lll:l_ gvellow ish precipitate,
green ([). ___ iF" Comprre Torburnile, Div. 3, p. .

In matrass gives little \V'l-’
ter. B.B. fuses toa clear{The dilute acid solution colors turmeric paper Datoli
glass, tinging the flamei red (boric ucid}.

_green.

The dilute HCl solution
gives with sulphuric acid . : § .

a precipitate of the sul- Prismatic cleavage perfect. Edingt:
phate of baryta.

‘_ [N L) '-'- N . T

F‘;::;l(il: ;ﬁg&ig:;&gﬁg&Cnrboq:n!,e of ammonia_ ‘producgs little or no :

' precipitate in the HCl solution, after the;:NATRO
to a clear transparent alumi N A
glass. umina has been separated by ammonia.
Fuses with intumescence.
In the HCl solution chlo- .
ride of barium produces Ittnerit
__a precipitate. (BaSO)
Fuses to a voluminous frothy shining slag,
which in R.F. further fuses to a vesicular SCOLE!
slightly transparent globule ; becomes elec-,”
tric on heating. _

: Sometimes curls wp inFuses, emitting air-bubbles to a white trans-|p .\ o
worm-like forms on fu-| lucent enamel.
sion, Fuses with difficulty on the edges, worming Chalco:

like scolecite. phite
R,(;semblcs scolecite, but is qgt p)jio_elgctrig. ‘Mesolii
Resembles scolecite, but is not pyroelectric. | Thoms
Often decrepitates. Fonnd in roéEmgul:_n'-

terminated crystals. Often in twins con-! 'Philli

Fuse at 3 with slight m-, gisting of 3 or 4 crystals united around a; ™
tumescence. c co"““"h'_’_‘?’fll:_

sually has the appcarance of the square|n.
octahedron. Gismor

[®~ Compare okenite,
apophyllite, analsite, be-
longing to the next sec-
tion. |
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|
Composition., Color. c‘“? "“‘r:” nn::’.- Sp. Gr. Fu»ubxmy' Wﬁb
i
O +3(LiNaF. . 8 1mn 2 VL
: —
105, |2. VL
- - o
2?0'*+10aq. 1 2.5 IV,
B*Si*0', white-green, V.
. yellow-red.
3i*0'% +3aq. White-pink. smatic. itreous. 5 7 Easily, |II,
| ‘
| |
Si*0'°4-2aq. to red Vitreous. © 3 2.25 2, IN'A
- |
,Nat, 8 8L ,Ash-gmy. 5 2.4 Easily. |I.
1 -
! ‘
}1*0'9+-3aq. White. Prismatic. 5 2.2 2.2 V.
) L Prismatic. i) 2.3 Easily. V.
o _ite. 0 2 h4 111,
. " ite.  Fibrous. 5 23 CEasily. ?
Tan)AISI08 - Prismatic. 5. 2.35 2. v,
s — — oA AR fos S L
. | .
~Na?) AISi07+ TR iVitreous.  [1.—4.5 2.2 3. Iv.
| i
) AlSI'0® +daq. Bluiﬁlivu:\'lnite, Splendent. 4.5 2.26 Eaxily. |IV,
| l ‘ |
i | l
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MINERALS WITIIOUT METALLIC LUSTRE

B. Fusible from 1—6, and non-volatile.

IO ¥ield no metal or magnetic mass with soda.

Divisins 3 (coacluded).
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B. Fuzitle frcm 1—5, end non-vclatile or only partially wvolatile.

II. B. B. with soda on

or magnelic mass.

upon evaporation,

Solubdle in hydroch

II. MINERALS W.

General Characters. Bpecific Charncturs, 8po

previous section.

Fused witha

7 solution, after separa- nia. Occursinrquareand octagonal prisms.

with hydrochloric acid evolves ml: .
rhuretted hydrogen; not cleavable. Helvite

with borax in O. F. g B with soda on charcoal a slight

an = amethystine of zino. Hented with HCI evolves H’S.
(oxide of manganese). B ) N )
gfompur e Willamite, p. off no sulphuretted hydrogen. Per-
° fect cleavage in one direction.
' B at
toa
. sky-blue. Gives off N
soda on charcoal drogen when treated with Lapis-L
a sulphur reaction. = s -
Fuses quietly at . ite
rhombic dodecahedrons. osite.
Fuses at 3 with intumescence. .
granular. Scolops:

which Fuses to an opaque pistachio-green bead.

. In the dilute HCI solution turmeric .
g).:dl;ee;} s::";:;t:d t‘::g; assumes an orange color (reaction for zir-Eudialy
,

the flame blue (chloride conia).
of copper). In the o

solution nitrate of silver py, .
gives a precipitate of the uses to a clear colorless glass. SODALT

of phosphorus

_chloride of silver.

with intnmescence to a vesicular glass!
which cannot be perfectly rounded by%.\lcionit«
fusion. i
quictly. After the separation of the
alumina by an excess of ammonia, gives a;Melilite
the hydrochloric copious precipitate with oxalate of ammo-| boldti

tion of the silica. ammo- Does not give the above reaction with oxalatel\c oo
nia gives a precipitate. of ammonia. Found massive and in hexa-* (Elaec
gonal prisms  Fuses without intumescence.

3"~ Compare Cancrinite, Div. 1, p. 81.

Behaves like melilite, but is less fusible. Barsowi
F=4. SV&!‘. A
ite).
tion, separation WoOLLAE

the silica, ammonia gives Fuses quietly to a colorless translucent glass.| " .o

little or no precipitate,!
but carbonate of ammo-
nia causes a copious sep-'
aration of carbonate of
lime. 4

==~ Compare Pectolite, Div. 4, p. 85.

5 Also compare the dificultly fusible

; minerals Gehlenite, Div. 5, p. 94 Tachy-

l lite, Div. 4, p. 88; and Willemite, Div. 2,
p. 91.




IETALLIC LUSTRE. da
Jomposition. Color. Cleavago or Lustre. Bord- | 8p.er. | Pusibiy. Comal-
Mn, Fe)? 8i0* +|Wax or honey- . ‘
Fe)S. yellow. Resinous, 6.—6.5 (3.2 3. L
- 1 !
E;FE;]?!S:)’BIO'-t- F l?:;;e Vitreous. 5.5—6. [3.43 Easily. |L
1Reddish-
", brown, ash- Vitreous, 6. 4. 3.5 IV.
|_ gray.
YAISTOMHN, Groon to blue [P20CBe-  \yitroous,  [5.5—G. [2.5 4.5
,X1,8,8i. Azure-blue. Vitreous, 5.—5.5 2.4 3. L
Si*0*+Na?SO*. |Gray to black. Vitreous. 5.0 2.3 .5 1.
va 8,0, 810 (0TI lgplinery,  Resinouns. (5. 2.53 Mnasive,
Efe)'(Si,Zr)"O" B°::dt° brown- g cal, Vitreous. 55 |29 2.5 II.
Gray, green, T |
8i*0%+2NaCL blue, yellow- Vitreous. 5.5—6. 2.3 3.0—4. (L.
v:hite.
1190, Colorless to Vitreous.  [5.5 |27 3. IL
:, Mg)'*(:Al, Pe)fWIllite,'yellow, Basal Vitreous. 5. 2,05 'Y L
. Drown.
. Colorless and Vitreous Lo "
A18i°0% green-red. Hexagonal. greasy .5—6. |2.0 3.5 TIL
02, White, Granular. |Vitrcous. = [5.5—G. 2.75 4, VL
White-gray. [Ilasal. Vitrcous. 4.5—35. 2.9 4.5 V.
\
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MINERALS WITIHIOUT METALLIC LUSTRE

B. Fusible from 16, and non-volatile.

11. Yield no metal or magnetic mass with soda,

Diviston 4 (iz part)h
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II. MINERALS W

. only partially volatile.

B.—Fusible from 1—6, and

General Charactern | Specific Characters.

With borax gives the ame-"l‘rented with HCI evolves chlorine, and silica

thystine color of man-, separates as a slimy powder. Gives 9 per Klip
ganese. I cent. of water on ignition.

Easily decomposed by HCl,| hydrochloric acid.

{Fuses with slight intumescence to a wlute
enamel-like glass. Yields but little water. |PEc
After fusion gelatinizes perfectly with
the 5}1‘0“ separating in Fuges at 1.5 colors the flame violet (pot-
gelatinous lumps. After| ,gh); yields much water; after fusion is!Aro
the separation of thel pyuy uhghlly attacked by acids.
silica, the solution glves,F ) % i“h Frothi © 77
with ammonia no or only “”'i:’ at 2.5— w‘l rothing to o ':f‘ ok
a slight precipitate. white glass: yields much water; after|Oke
fusion but alightly attacked by acids.

@'Compu:o Xonaltite and Sepiolite, Div.
3, p. 93.

Decomposed by IHCl like

“ grive water.

Divisiox 4.
Soluble tn Aydrochiloric acid, learing a residue of ailica withcut forming a perfect jelly.

-on .

The dilute HCl solntion!

the preceding. After:B. B. at first becomes opaque, but fuses
the separation of the| quictly to a cleur glass. Occurs usually in|
silica the solution gives trapezohedrons and cubes.

with ammonia a copious

precipitate.

gives with sulphuric acid Fuses at 83 with intumescence. (Contums Bre
a white precipitate’ 13 p. c. of water.)
(BaS04). {&™ Compare llarmotome, p. 87.

iYields but little water (4.3 per cent.), The Pre
_ others 8 grive from 15 to 20 per cent.

Dlstmgmshcd hv its rhombohedral crystalli-

1
and Tune. with “contor.|_ation and imperfect cleavage. o
tions to enamel - like Pcrfect,l" cleavable in one direction. Ortho- st

masses. In the i rhombic. B. B. intumesces strongly.
tion from which . .rfectly cleavable in one direction. Mono-
silica hasbeen - | clinic. Lustre very pearly on one face.|[TIET
ammonia producesa .. ' B. B. intumesces strongly.
cipitate. .

pcrfoct cleavage. Intumescencc less. Hyp

with scarcely any intumnescence. Mor

| Tat 3.5 with ‘intumescence; mot 4 _

cleavable. (Water - ‘) p.c.) Cho!

}Funns qmetly at 4.: cleavable in one direc-'p _
‘ tion. (Water = 11 p.c ) Py

.~ intesin wonn-hke_f_qrms Ven
‘ minerals, the hard-\’—'—'”mﬂpr—mhg!ollﬂ"’_ :ZTE
ness of which is not " up; fuses with difficulty. (Water =| Jolly

above 3, are softer than 13 p. c.) —
the Qﬂ}e}' mineruls of iy up and fuses to a white enamel '
this division. [ (Wu.ter "1 p.c.) en
up . . fuses to n brown glass.'ys _ M
(Water = 11 p. ¢.)
. ses with difficulty to & white enamel.,w i
| Water=4p.c)
. slightly; fuses with difficulty to_
© a brown- )Ll]ow blebby mass. (Water =
13p.c.) l

Dud
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Compoeltion. Golor, Cleavage or Lostre, | B8 | g ar | Pusbiy.| SOt
. Dark liver-
fn,8i, He. brown to Dull to eub- 1555, (8.5 Amorph,
black.
Ca?Si20", White to gray.|Fibrous.  (Silky. 5. 3.7 2. V.
: Colorless, .
CaSi0* + aq) +| white, rose-Basal. Vitreons 15 lag .5 |IL
D red, yellow, pearly.
18i?0%+-aq. White. Fibrous. Pearly. 4.5—5. 2.8 Easily, |IV.?
lColorless to Not cl
: white, gray, Not cleay- .
dSi‘0"+ 2aq, green. Cyol| able, | |Vitreous.  [5.—5.5 2.28 2.5 1.
low, red
1
y |
'a)A18i*0'8+5aq. |Yellowish- Prismatic. |Pearly vit- 5. 2.45 t: R V.
white to gray. reous.
. Apple to oil s
2X18i%0", E?een, white, | B25al- Vitreous. 6.—6.5 2.9 2, IV
e |
)*CaISiH0'-+Gaq) W hite, Hlesh- Vitreous.  |[4.—5. 2.1 Eosily. L
Ta? T White, yellow-|p . Pearly vit- i
va?)AI8i%0' +6aq. red. Prismatic. reous. 3.5—4. 2.16 2.—2.5 [IV.
Si%0"+baq.  |Whitered | [Clneding- Pearlyvit- lg5 4 lap 225 |V.
10%)"A1°Si’0% + 12aq' White. Fibrous. Vitreous, 3.5—4. 2.2 :Eastly.
1a") AISi{°0% + Gaq. [White. C°:fy’e"°“‘ Silky. 5. 2.08 Easily.
Ig)"*AI’Si{’0%.+Gaq White-yellow. Silky, 2.5—3. 2.9 3.5—4.
Y1:8i'0%+12aq. ‘}é’g&ge::' Micaceous. |Pearly. 8. 2.74 4. \ A
'e)'*A1'8i%0% + 12aq Brown-yellow. [Micaccous, |Pearly. 1.5 2.75 VL ¢
11, Fe)’8:°0"+6aq.\Brown-yellow. | Micaceous. (Pearly. 1.5 2.3 IV, ?
[g)*:A1'81°0% 4 12aq|Brown. 3. 2.61 Difficult. [Amorph,
18i*0"%+10aq,  [Greenish - yellygioqcoous,  [Pearly. 1.5 2.8
%], ¥e)’Si'0'"+bagDark-brown. |Micaceous. [Pearly. 2, 2.8
21 Na?)6A1'Si*05
A N ISP G ay. Micaceous. |Pearly, 1.5
1'8170%+10aq.  |Bronze. Micaceous. |Penrly.
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MINERALS WITIIOUT METALLIC LUSTRE

B Fusible from 1—5, and non-volatile.

IL Yield no metal or magnetic mass with sode

DivizzoN 4 (voncluded)
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II. MINERAILS

B.—Fusible from 1—5, and non-volatile, or only partially wvolatile.

I1. B. B. with soda on charcoal give no metallic globule or magnetic mass,

DivisioN 4.« Continued.)
Sotubie in hydrochloric actd, learing a residue of atlica witho ut forming u perfect jelly.

in the closed tube give no water, or but traces,

%) B.B

I a) (Continued) B. B, in the closed tube give water.

;
EMicnceous; also scaly
I sive.

Q
E
T

)
|
|

flocks
when

Cleaves in two
with an angle of 94°,

© and I)aﬁburite,
6, p. 87; also
roite, Div. 8, p. 84.

H —=4.—4.5. Cleavable.

!

Difficaltly fusible (F=5.) "

8pecific Charncters.

quietly at 8.
The dilute HCI
at
quietly at 2.5—3. .
glass. With salt of

n the Mosan

reducing tlame gives a violet color (titanic

 acid).

little water.
solution gives with a

greenish

- o

SEP1I0

s
eavy Sorday

: ’ *
gray enamel giv-

silica separiltingm )

e in two directions.

_vvliow
at3to |




METALLIC LUSTRE

i Clea or
iposition. Color. ! P'Tm. : Lastre.

3 h:-uni:
tion,

|
3i,Z1}'0%+2aq Yellow-brown. Prismatic. Vitreous TIL
i ' ,
i .
PN . o ! i
Tal TU @ H
Ca,Na",Ti,Sh| Reddish- Prismatic. Resinous. V. ?
brown. . i
1 i
t+2aq. Gray-white. Dull
+3aq. .“ hltf;:.e;\i::llow, Greasy.
- | '
- Si, H. Gray-black. Resinous.
i
|
i
# (Al Fe)'Si*! | Black, green 'yyioio0ana iPeurl w
to brown-red. . ' J- °
1 ! -
.Xa’,?il,'Si,H’Gm’slacﬁiwh‘i Vitreous.
Ti,“0™  [Black. | Vitreous.
4, 8i. Black. | Vitreous.
White, gray.: :
4AISIP0% | bluc, green, Prismatic. | ViGeousto g 1L
red. | greasy. | .
> | Tolorless, White' Vitreour. __13. 1L.
1
| I
Zr,0vs, Yellow-brown. Prismatic. |Vitreoua. S 1v.
1820 White, gm0y po0c 01 [Viteons 6. 2.7 VL
° brown, green.. & . . )
Colorless, Two equal . ~
L white, gray. | clearages. |Vitreous. 6. 2.7 VL
$i'Q*, CaS0, (Colorless. Vitreous. I6 2.6 111







(Page 87) |
MINERALS WITITOUT METALLIC LUSTRK.

B. Fusible from 1—5, and non-volatile.

1. Yidd no metal or magnetio mass with sods.

Dyvision 5.

Divigon 6 (In part).



B.—B. B. fusible from 1— 5, and ron-volatile or only paitially volatile.

II. B. B. with soda on charcoul gite no metallic globule or magnetic mass.

color

Slightly

B. B. give ‘aA -

to the boraxr bead ((}zide of man

ganeue).

1. MINERALS WTI

General Charactera.

8pecific Characters.

:Gives water in tho matrass. Found in fibrous radiated masses.

Carpl

Fuses quietly at 3. Cleavage indistinct, sometimes dodecahedral.

Fuses with intumescence at 2.—2.5.

. Plainly cleavable in one direction.

SPES
(ma

Piedn

-
1
|

@‘ Compare Azinite in next section.

Fuses quietly at 3. Plainly cleavable at an nngle of 92°

Ruo
(ma

DivisioN 6,

Not belonging to the foregoing divistons.

Fused alone colors the
tlame green (boric acid).

Fuses at 3 to a globule which while hot is
clear, but becomes cloudy on cooling.
Yields no water in the closed tube.

Danb

Yields water in the closed tube,

iHowl

The powder is solublesin!
hydrochloric acid, leav-
ing a yellow residue of
tungstic acid.

When the acid solution is boiled with metal-
lic zine, it becomes colored intensely blue,
but soun bleaches on dilution.

Micaceous. Give to the;
blowpipe flane the pur-
ple-red color of lithia.

Micaceous, but do not give:
the lithia tlame,

‘Fuses at 2

Gives in the closed tube little
or no water.

Sche«

Lepic

B. B. vermicular exfoliations. Gives in the
chwod tube n mmh water.

Sw clls up B. B. and gives much water in the '
closed tube (11 per cent.)

Cooke

Thern:
lite
tine

Funes « iy pticty.  Basily decomposed by sul-

phurie « acid.

Euph;

Fuses quictly. Didjecultly decomposcd by

bu]]hllll‘ ¢ u(‘ul

ManrG

(55~ Compare M uscorie and Bwtltf., Div. 6,
page 9t .

Not imicaceous. Give to
the blowpipe flame the
purple-red color of lithia.|

Phosphoresces w ‘when hicat-
ed, or when struck with
a hammer. i

(&~ Com-

Fuses quietly to a white enamel.
__pare sAmhiygonite, p. 83.

PETA:

Tntnmesces, throwing out fine branches,
which fuse o n clenr r glass,

Sront

Tuses quietly at 3 to a h.mapurent. colorless
glass. W ith salt of phosphorus in the open
tube wives ﬂu Ilnnrme reaction.

Leuco

the partial HCI solution
gives a precipitate with
sulphuric acid (baryta). |

Gives water in a matrass;;

Usually occurs in twin crystals.

HARM

fluor-spar and bisulphate
of potaxsa momentarily
colors the blowpipe flame
green.

Fused with a mixture of-

Fuses easily, with nuch effervescence, color-
ing the tlame pale-green to a dark-green
glass.  The tine powder of the fused min-
eral g(l atinizes with acids.

AXINI

Diffcrent varictics vary much in blowpipe
characters ; all become electric by heat-
ing. Some ge -latinize after fusion.

Partinlly decomposed
hydrochloric acid;
solutions when

the'-
hml«d

(titanic acid).

l)‘ Il

AN

Fuses with nlwht, intumescence to a black-

Touxr

Titan
(Sphe

1Guari:

])x ers in (|v~hl‘mo fntm

mass, |

with tin become violet Fusos with brisk intumescence to a blackish, Keilhe

(YM ro




ALLIC LUSTRE. 87
' 1
mpoeltion. Color. Cleavage or Lustre. Hard- | sp. Gr. | Fusbility.| Cpant
|FeMn) Stellate, 5.—5.5 (2.9 3.5 IV.
'A1SiO1, 7. 4.2 3. L
n,Fe, Prismatic. 6.5 3.4 3. V.
Rose-red, Prismatic. G. 3.6 2.5 VL
brown. |
_ | e
», .yellow., 1Vitreous. 7. 2.9 3. VL
0% 5aq, B Sub-vitreous. 3.5 12.55 Easily. |Amorph. ’
o toaq, ‘ i |
Vitreous. 4.6—5. l(i. i5 II.
green-red. ‘ l
Micaceous. 2.5 3. 25 A
o Diffi-
25 i~'7 ! cultly.
7 to . ‘ 2. 3 I2 G I,—
+2aq. white. Foliated.  Pearly. .5 o . '.;.
3.5 128 ls.—4.5
| 4. 2.99 lg. 45
0.5 2.45 3.5 V.
6.5 3.18 3.5 V.
white. Basal. 3.5—4b. 2.907 3. V.
_ !
!
144 5aq. ite-red. 4.5 2.45 |3.5 IV.
| T
<?)7(x], Fe,  Clove-brown 6.5--7.53.97 2 VL
to pearl-gray. | : e ; . !
o o 7. ‘. . 2 . I l B .
Mo Mg KYNa? o, blne, !0.5--7.5 2033 3.—5 TJIL
P, pink. white. | ' '
: ! : :
Prismatic. i-‘i.—5.5 3.5 3. V.
i Prismatic. | 6 Bas s 1L
: . s |37 3. v
| '
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MINERALS WITHOUT METALILIC LUSTRE

B. Fusible from 1--5, and non-volatile.

fL Yidd no metal or magnetic mass with soda.

Division G (couciuded h
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II. MINERALS WT

General Characters,

l Specific Charactars. 8t

Hardness 6. Fuse quietly.

~ no metallic globule or magnetic mass.

Not

1. B. B. with

B.—B. B. Fusible from 1—5, and ror-volatile, or only partially volatile.

Fuses at 5. Has two perfect cleavages Mlortho
90°,
]

‘Fuses at 4. Shows striations on one cleav-! 4 11,54,
age surface. i

Fuses at 3.5. Striations as above. . :Oligoc

‘Fuses at 3.5, Striations as above. Gives:'l‘sche

_ water in _tlxiclosed tube. Phosphorescent.i T

Fused with soda, the silica separated from,
the hydrochloric solution, gives with sul- Hyalo
phuric acid a precipitate (baryta). !

't~ Compare labradorite, Div. 4, p. 86. |

=06.5. Fuse with
swelling and intumes-
cence to a slaggy mass.
They gelatinize with
acids after fusion,

6.5—7.5. Gela-

tinize with acids after
fusion.

iFuses to a white or yellow slag. iZotsr
i 1

|

Fuses to a black or dark-brown slag. EI;::
Fuses quietly at 3 (grossular) to 4.5 (pyrope). !G:::
Fuses with intumescence at 3. VT;‘\]::
Resembles grossular (but does not gelatinize Monzc

after fusion). {

- 6. Cleavable at
an angle of 93°.

Includes many varieties, from the oolorless'
diopside and white malacolite to black
augite ; light-colored varietics fuse to al
white glass, while the dark give a blackiPyro:
glass. The #pecies is recognized by the
cleavage and habit of crystal, the rariety
only by experience.

Hardness §.5. Cleavable
at an angle of 124°,

Fuses to a white glass. Tremc

Finely fibrous with fibres easily separable. |Asbest

Fuses to a black or green glass. Actinc

As above under pyrorcne. The species in-
cludes tremolite, axbestus, actinolite, and
many darker colored varieties. Can be
recognized by the cleavage, but the varie-
ties can only be learned by experience.

Amg
(Horn'

and yields water in a
matrass.

Fuses at 4. Exfoliates,!

Occurs in thin short fibrous layers, Gimb

Fusesat2. Gives water in
a matruss.

Wil
Fuses with intumescence to a white glass. [(alt'd
lit

3.5-—4. to a vesicular
white glass or enamel.
They are amorphous,
volcanio products, and
are not homogeneous.

Fuse with swelling up, at,

Characterized by an intense vitreous lustre. [Onsin

Characterized by a strong fatty lustfe. Prren

Characterized by a mother-of-pearl lustre;
sometimes yit_)!@s water.

Characterized by a vesicular froth-like struc-
ture.

PEARI

PuMiIc




LUSTRE.

ETALLIC 33
Composition. Color. Cleavago or Laustre, Bard | &p.or. | Pusbiny, |7l
Colorless, )
1 60)1 6 white, ﬂe&h'; . " H .
1i%0'e, red.  gray- Right-angle. Vltrgoun. 6. 2.6—2.6 |5. V.
green. ! !
Colorless, . | i
Sit0', white-gray, 93°30". Vitreous. 6. 2.6 4 VI.
dull-green. |
I b - ;
2 Knalsiron, [ White, flesh- “gg, Vireous. 6. 2.6-2.7 ju5 VL
. | .
SWAISEOM.  [Gray-white. |94, Viteows, 15, 264 3 VL
| )
*)A1Si0", W];;?’ flesh- 2 cleavages. Vitreous. 6. 2.9 5. V.
. i :
| | !
(AlFe)’Sit0%, ‘“;‘ri‘;;“h Prismatic. |Vitreous.  [6.—6.5 3.—8.3 3.—3.5 IV.
Gray, pista- - i
(AlFeysicon, f)‘r‘;‘:‘jﬁf;‘;f; 2 cleavages. Vitreous,  6.—7. [3.2—8.5 385 V.
low. ) |
30" H=Al.Fe,€rWhite, red- |Dodecahe- |y !
Ca,Mg, F e,Mn., brown, black.| dral. {Vitreous. 6.5--7.5/3.2—4.3 (3.—4.5 L
1y Brown-green, :
1,Fe)?Si'0%, yellow, blue, Vitreous. 6.5 3.3—3.4 8. lI[I.
Ca,Na*, 8i. i(imy-grcen. Vitreous. 6. 3. 3. Mass,
3 Colorless, «
Ca,Mg.Fe,Zn,Mn,, White, 195, lg7e § 932 Vitreous.  [5.5—8. [8.2—38.5 [2.6- 5. IV,
oAl e ) V0D, Green, e %
aud black.
21807, White. Bladed, [Py, Vitre55 g9 31 3.8 V.
5. Fe;Si0?2, White. Fibrous. :Silky.
‘g, Fe)Sins, Green, brown. 12}%;‘320 MdIVitreous. 5.5 3.—3.2 |4 V.
g 040
‘a,Mg,Fe,Mn, Na?,| Like pyroxene 1"35:330' and Vitreous. 5.5 2.9—3.4 (2.5—-5. |V,
H(xl,Fe, Mn), :
J8i, A, Green-white. [Fibrous. Pearly. 4.
S . Cleaves at
, g, i, Tre, White to red. [, Sh7*8 8% IDull 8. 2.7 2, IL
i .. | White, gray, |Break with
,Ca, Mg, K?,Na* Sijgreen, yellow,sharp edges. 6. 2.2—2.8 [3.5—4.
black. Conchoidal.
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MINERALS WITHOUT METALLIC LUSTRE

0. Infusible or fusible above 6.

vrvmron 1 ({a part).



8y

I1. MINERALS

O.—Infusible or fusible above 8.

DivisioN 1,

First ignited B. K. then molstened with cobalt solution and again ignited assume a deanti{ful blues color,

(18 s necessary to pulverize hard anhipdrous minerals befure treaiment.)

a) B. B. in the closcd tubs give water,

—

With soda on ooal give a lul-

. phur reaction.

With soda on coal gives a
bule of lead.

lFuch in a closed tube with bi-

With soda on coal gives a
coating.

Give the phosphoric acid
tion when fused with -
gium in the closed tube
134).

Mostly soluble in caustic
tassn, also if to this ‘
an excess of nitric acid
added, and some
of ammonia, a yellow -
pitate is thrown down.

Bpecific Characters. ]

Insoluble in hydrochloric acid. (13 p. e

water.) 0
G - &
‘ |—
| i Pl

acid, forming a

_ o —
| —
Tar
. 21 p. c. of water. Co

Soluble in hydrochloric acid,'

with the separation of gsla

tinous silica.

30 p.

Very softt H=1—2. (Water =16 p. o.)

Vory soft. H =1—2. (Water =383} p.c. 1

Gives water in the closed tube, which

sulphate of potassa gives the, ™ ¢ ' g 0o Ralr
tluorine reaction. )

Easily soluble in caustic potassa. Hardness = 2.5—8. Water 84} p. ¢ GIn:
Water — 15p.c. H=0.5. Diai
|

Very easily cleavable in one d: |

rection. Water = 13 p. ¢. H=1.—-25. Kao.

\\utnr:hpc. H=1.

Occurs in scales. Phol




IETALLIOC LUSTRE. 89
[ : -
Composition. l Color. mﬁaﬁ“ i Lastre. i ‘:ﬁ 8p, Gr. Ufy::ln-“w
|
540"+ 6aq. White-gray. Basal. Vitreous.  3.5—4. 2.6 1L
| ' .
| H A
+9ag. [White. Dull. 1.—2. .68
B, 1. iLight to olive-green. Vitreous. (L5 {196
»+10aq. |White-yellow. Perfect.  Pearly. 1.5 233 IV.
|
i
‘White, reddish-yellow, .
L gray-green. Resinous. 4. —5. ;4.8
Colorless, white-yel- . . :
. low, green, blue. Ptismatic. |Vitreous. 4.5—5. (8.5 1V.
|White yellow, gray- : .
2" +12aq. (F). ' brown, biue, green, Radiated. |Pearly. 3.0—4. 2.3 1V.
J4+18aq. White. Vitreous.  [8.5—4. |1.94
24-0aq. Deep - green, gray, Vitreous. | [8.—85/26  [IV.
)—ESEQ 'Grass to olive-green. Vitreous. . 2.46 IV,
0%+aq White-gray-red. Vitreous. (6. 2.64 Massive.
#+6aq. Gr:ehl;;ﬁy.ellow, gray- Vitreous. li 2.87 Compact
J*14 8aq, Pale-green. Vitreous. |5.5 3.10 Compact
)"+16aq Gray-red. Vitreous, |4 2.53
P e Gray-yellow. Dall. B.5 2. Massive.
B e, Milk-white. le. Massive.
P?0'!'+8aq. ‘White. Pearly. Acicular,
)94 10aq. Milk-white toblue. [Uneven. Vitreous, 5. 2.5
White, blue, yellow, . Resinous,
5.45ag. groen. 1 YO 0T Brittle. vitreons, 1.87  |Amorph.
0'"+10aq. White, gray, yellow. Resinous. 4.5 i1.8 Stalac.
i -
White, gray, green i
V'+4ag. yellow, red. ! Waxy. 1.—2. Iz'
$84-9aq. 'White. Glimmering. |1.—2. ’2.1 Amorph.
,Nat,F, 112, ‘Colorless-white. Vitreous. l4.5 !2.6 1.
. !
s, ,White, yellow, red. Dull. EB.5—3. ,2.3 iIII.
| | : .
3 ‘White, gray, brown, Vitreous, }6. 517 Is 4 IV.
* i blue. green. pearly. . ' : : :
l | i o
14+2aq. White, gray, brown. Pearly. :1.—2. l2.5 :IV.
i
- 1
)"t 4aq. :Whlte, gray, red Pearly. :l.—2. 25 Iv
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C. Infusible or fusible above b,

Davision 1 (coucluded)
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ETALLIC LUSTRE.

Composition, Color.
0%6aq. gray, red.
h: colors.
ellow, or yellowigh-
brown.
blue.
0 : brown,

: low, red, green.
)*+H*0. gray. green.
| rose-red.

s Lt gray,
. I red.

A1
m‘” Lastre. E::' 8p. Gr.
Dull.
.5
) 7| Lo
1 .
sinous I3.9._4.2
I
—2. 29 Iv
scaly. i .
—25 {2.8 Massive,
- 2.5
Radiated
_ —_— -
2.8—3. IV.
3.1 Iv.
n 35 Iv.
8. L
| 3.2 Iv.
i
) 3.6 VI
i
Vitreous. 6.—7. 3.2 v.
Vitreous. 9. 4 IIL
Vitreous. |[8.5 3.7 Iv.
, -, [
l |
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Mh:MERALS WITHOUT METALLIC LUSTRE

O. Infusible or fusible above o.

Divistox 8

ulvigros Y



1
|
: § General Characters.
$
35 |
;‘8 Dissolve in hydrochloric acid,
o §§ with evolution of carbonic
2 5§ acid.
i 5 =® I
v
EE5
€3
9 [With hydrochloric acid form a’
.‘.j B perfect jelly.
£
A

O.~-Infusible or fusible above 5.

!

terite, and Cassilerite.

II. MINERALS \

8precific Characters,

|
Gives much water in the closed tube.

Gives little or no water in the closed tube.

fGives much water in the closed tube.

|
Gives no water in the closed tube.

DivisioN 8.
After ignition B. Ii. have an alkaline reactton and change the color of moistened turmeric

paper W red-Uyoon.

Give much water in the closed:

tube.

Effervesce and are “soluble in
cold dilute acid; the dilute
wolution gives no precipitatel”
with sulphyric acid: but the -

strong solution does.

jEffervesce and are soluble inf
hot but not in cold dilute

hydrochloric acid.

»

Effervesce and dissolve in
dilute hydrochloric acid ;
very dilute solution gives
precipitate  with sulphuric

acid.

acid,

acid.

e o

L

The
phurie

lime,

| —
|
mi-

easily and quietly in

R
" preci

- of er;nl pliatcr 7

solution gives no

ric acid,

Imparts to the flame a bright-red color.

‘ne

Effervesce in bot HCl; the concentrated —
solutions give a precipitate with - ‘

P

st

Imparts to the flame a yellowish-green color. |-
1



.TALLIC

LUSTIRE.

! |
Somposition, ! Color. Clenvage or Lustre. l Hard- = 8p. Gr. ' THnia-
; | —
+2aq. iWhite, gray, ycllow. Dull. 2.—2.0 l3 7 '
White, gray,  green.| Viteous. 5. 4.4 11
| blue, yellow, red. o I : .
1
4+ H'O White, gray, green,'pranatic. [Vitreous. 5 s Iv.
+0. blue, yellow, red. | ) I L |
D B s |
' (often with White, gray, brown, Vitreo-resin- 5.5 . !III.
green, yellow, red. ous. ; \ '
T | T
: ' !
- | I/
2, White. gray, green, Iannl. IPearly. i2..' 235 111
. [
Mg 02, 'White to bronze. !Basnl. fl’emly. !2.-‘ \ :
—_ —_ : ! Trmmm —— o — — | ———
)0 faq. i“’hitn. I ISi]ky-dul]. !3.5 2.1 \
! ! i _— | -
L T T Yellow,  gray, green. .. 9 = i
2)C0%4-°0. | 'wh’;‘te. Bray, gree ! Vitreous. | :3", i
- H-MgO?, j\\'hihe to gray-white. I Vitreous. 3.5 2.63 .
+ 1 MgO™. Blue-gray. ; [Vitreous, 3. 25 |
- Colorless, white, mulll}hmnhuhe- [ !. e e T
of all tinrs. | dral. * IVitreous. 3. 2628 :l".
Colorless, white, yel-y s = 4 W
Jow, . blute. !\ itreous. 1.o—-4, 29—, V.
— e — ——) i —— —— ! o e e
: . [
vyt White, gray, brown./Rhombohe- Vitreous ax By o
)CO cte. dral. to pearly. 3.5—1. i“'8_ 29 ilII.
White, yellow, gray.[Rhombohe- e = s
' brown, greeu. ! dral. g‘ freaus. 3"’--4"’,"'_"'1 1”['
- - _ — -
i |
. i
! 1
- - ' T
!“hm’ gray, yellow. Prismatic.  Vitreous. 3.5—4. 3.7 Iv.
| green. , ;
i !
‘COs w l‘;t‘;%n‘gmy. yellow. p comatic.  [Vitreous. 1 I‘J.(i IV
' l
| i i
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MINERALS WITIIOUT METALLIC LUSTRE.

O. Infusible or fusible above 6

Divimion 4 (ia perth



92 . II. MINERALS WIT
' Genceral Characters, 8pecific Characters. 8
-
Colors the flame carmine-red,With salt of phosphorus gives reactions for Lithi
(lithia). copper and cobalt. ‘
] With soda on coal easily re-lYiclds little or no water in the closed tube, |Cerv:
duced to metallic antimony, [+ e
and give the antimony coat.| Yields 5 per cent. of water. Stibic
ing. Yields 15 per cent. of water, Volge
ZA

C.—Infusible or fusible above 5.
Divieros 4

Nearly or perfo:tly solubdle {n hydrochloric or ;. ~. acid, withous gelatinizing or lenving a constderable residue of silica.

B. B. becomes magnetic, with borax gives (Ex
the nickel reaction. i
B. B. does not become magnetic. In O. F.| D1ai
colors the bead intensely violet (manga-| (R}
nese). site
B. B. becomes magnetic. In the solution,
after separation of the iron with ammonia, MEst
Soluble in heated hydrochloric gives a heavy crystalline precipitate with ~
acid with effervescence (car- phosphate of soda. l
bonic acid). ‘B. B. becomes m.;gnetlc with borax gives' Sldsn
only the reactions for iron. i
Like Siderite, but after separation of the,
iron by ammonia gives a heavy prempltatc'ANhi
with oxalate of amnmonia. ‘

Yields much water in matrass; does not
become magnetic. Effervesces at first and H) dr
then dissolves quietly.

:Slowly soluble in HEI ; the not too acid solu-l

tion gives with oxalic acid a white preci-

pitate which on ignition becomes brick-red

(oxide of cerinm), |

L 3%~ Compare Smithronite, Div. 2, p. 91. |

| iStreak yellow, usually crystalline. wnt’"lGéth
==10 per cent. H

‘Heated in R. F. become black.Streak yellow, not crystalline. Water = Limc

and maguetic; quictly buti 14} per cent. |

iffic soluble in HCL Tur
difficultly soluble in HCI Streak red. Water = 5.3 per cent. ;dT:)_g

| Parisi

i
iz~ Compare Iemantc, Div. 2. page Tt |

B B. with soda deposits the browmsh rchG
In the open tubo give sulphur-i 4, iting of oxide of cadmium. | er

3. 1
OP,:) g(t:glph]m' r';n:::(& SOY BB, with soda on charcoal gives a coating Spha
gre i of oxide of zine, | (81

On chareoal with soda gives a coating of gy
With borax give an amethys-i_oxide of zine. |

tine bead (manganese). EGn es much water in the closed tube. w::‘.
With borax give a deep blue With soda on platinum wire gives a mau- WAD
bead (cobalt). | ganese reaction. | bol

With salt of phosphorusin O. F.:'fhc nitric solution gives a heavy precipitat.e'Zi
give a yellow bead, which in’  with nitrate ot bary ta. | Pp¢

R.F. becomes deecp green . . i Ura:
(uraniump lecs no precipitate with nitrate of baryta. (Pite.

“The nitrie solution gives a yellow prcclplt,ato
i with molybdate of ammonia (phosphoric Turq
, acid). In the closed tube much water. |

!Colors the flame green, xuxd
! when moistened with hydro-.
" chloric acid colors the Hawe
hlne (eopper).




METALLIC LUSTRE. 23
T T —
Composition. Color,  Cleavago or Lustre. Hard-  gp, Gr. 'cwu:.pu
. ) - : ! -
‘u,l'o, Li?, Ba, &1, . : ‘
LI, Bluish-black. Dull. 3. 3.2-80
i o o 408 v,
) - —5.5 5.28 Mass,
i - Y Mass.
0%+ 6agq. ~.3.95
0> Rose-red, gray, brown. dral o ; peal;ly | 5—-4.5]3.5 1II.
- — ‘ )
'eCO? Yellowish-white.gray 'Rhombohe- : ‘ g ax
eC'0". lowiat e poacly. L5 33 IIL
. (Mp,Ca,Mg). itreous. 8730 jIIL
- T ) P i
*e,Mg)CO". gray, red,  RRombohe- , ;2.95—3.1 1.
—_— 1 ’ -
. o | |
2,112, Basal. | . 2 2,04 INL
R | i |
s ‘
La:DIOO* + (Ca, Basal.  Resinous. 45 !4.&5 .
] [ ‘ B 1
iPrismatic. i E i4.3 1V.
- I B l5. 3.6—4
! —_——— ———
‘ CA5 0 41-46
o - . _ — =
~ Prismatic. 3. —3.5 4.9 I
N Dodecahe- 354 3042 |L
_ - ,__drnl. ~ ; )
Basal. ‘4.—4.5 '5.08 11I1.
l ! |
S ! 2,295 3.1—8.3
R . 3. |
o o R i
6.5  64—8. |L
(:._“4 Jag, contain- Sky.plue to green. IG. l2.6—&8
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il. MINERALS W

O. Infusible or fusible aLove 5.

DIvIKION 4.—(Continued.)

gelatinting or leuving a restdue of silica.

Nearly or perfectly aoluble tn hydrochloric acld or nitric acid without

Specific Characters, I t

The nearly neutral solution gives a precipi-

with sulphuric acid| tate with oxalate of ammonia (oxalate of Apal
color the flume pale-green.| lime).
Give the phosphoric acid re-Fused with soda, the mass treated with
action when fused with mag-| water, and filtered. the residue dissolved
nesium in the closed tube.| in little HCl, the solution gives with oxalic' Mont
The nitric solutions give a, acid a precipitate which ignited becomes;
precipitate with molybdate of  brick red (oxide of cerium).
ammonis (phosphoric acid). jAfter fusion becomes magnetic. Difficultly Ghild
soluble in HCI,

pot-!

. AN
ﬁs&eth]?v(ml(ﬂiﬁ;?lduﬁmhe dilute acid solution colors turmeric!Polyc
boiled with tin, gives a deep) PPPCr Orenge-yellow (zirconia). fyo

1

blue solution. !

Gives reaction for the oxide of cerium. (S
(See Fluoc

' bisulphate of potassa, or Monazite, above.) . o
strong sulphuric acid, give Evolves carbonic acid when treated with|Bastr

Drvisiox 5.
Gelaunize with hydrochloric acid or are decomposed with the separation of siWNea.

a) B. I in the closed tube give water.

the reaction for hydrofluoric acids. i (Hax
acid. Like fluocerite; but has an imaperfect cleav- Yit
| age in two directions. To
With hydrochloric acid forms a perrect jelly. Diopt

Fusea with aoda on chnrcoal,l (Water = “-,pcr cent.) R P
effervesce and yicld a globule Decomposed without gelatinization. (Water Chry
of copper. |__= 20 per cent.)

iAs above. (Water = 16 per cent.) Cyanc

Coior yellow; after separation

of the silica, the solution )
gives with ammonia a sul- Water = 12§ per cent. In acicular crystals, |Uranc

phur-yellow precipitate (U).

After separation of the silica ammonia gives
no precipitate, but oxalate of ammonia Xonal
throws down oxalate of lime. |

The not too acid solution gives a precipitate|
with oxalic acid which becomes brick-red CERIT
on ignition.

Color white; massive; very
hard.

Gelatinize with hydrochloric!

acid.

o Does not yelatinize after ignition. iThori
('l:)e‘; oat;]:s li:ni‘x l;?i,::}g;gf\'ie]ds much water in closed tube. B. B. !W?lch

0. F. . F. | ite.

green color (chromium). ' blackens.

With borax in O.F. gives a vio- N o . |
let bead. becoming red-brown 18 closed tube blackens and gives much'a .\

on conling (nickel.) i water,

In the rolution, after precipitation of the!
oxide of iron by ammonia, phosphate of Xyloti

After long heating in R.F. be- soda gives a precipitate (magnesia\.

come magnetic.

Gives only reactions for iron, Chlore

39~ Compuare (filingite, Div. 5. p. 8.
. . . |Gelwinizcs with byidrochloric acid.  Very SEPIO.
Moistened with cobalt solution, Jight ; absorhs water.  B. B. shrivels up. (Meers
B.B. becomn pink.

i
iGrc:uay feel ; does not adhere to the tongue. CEROL




METALLIC LUSTRE.

Composition. Color. Cleavage or Lustre, Hard | gp. gr. | Ot
8 L (™ 2 Colorless, white, blue .
0%+ Ca(CLF)L. yellow, g'reen.’ g Vitreous. 5. 8.2 aL
113P208 2 .
L DUFIONTHY Yellow, clovered, gy Resinous.  [5.—5.5 5.2 v.
n)ATPYO™-+15aq| Y SLOW-Drown to Vitreous.  |4.5—5. [3.18 v.
Fe, Ti,Cb%, A%,  |Black. Sub-metallic. '5.5—6.54.8—5.1 IIV.
Yellow, tile-red. Weak. 4.—5. a7 L
+Ce'0'+4aq.  |Wax-yellow. Distinct.  |Greasy. 4. 4.93 :]V. ?
e, Y)F?, White, gray, blue. “ﬁ::f‘;s""t' !4.5 I3.45
50", Emerald-green. Rhombohe- |yiireons. 5. (3.3 TIL.
P +2aq. Blue to green. Vitreous, 2. —4. 2.2
,_\1,17{’ " |Azure-blue, Dull. 4.5 l2.79
Si"0% 4 15aq. Lemon-yellow. Vitreous, 3 96 IV.
0*+ H:0. White-gray. 2.71
. Cherry-red, clove- i
1,Di)*Si0'+H?0. brown. | Resinous. i5'5 4.9
i'—f—H‘-’O. Orange, hrown-black. Rg_s'E?\ls. 45—5. 5.—54 'L
— A :
Fe, Mg, Si, 114 Blue, grass-green. Dull. 2.-25.25 ‘Amorph
’ Al . I
Mg)'Si‘o™, !Al;l;‘fen' to emerald- Resinous. I.x_4 2.4 Amorgih
| |
yFe,Si, 1% .Wood-brown to green. |Asbestiform 'Glimmering. II 2.4 ;Fib.
!
.+ Dag. Fistachio-green to 5"’"" Earthy. 2.5--452. Mass.
o i | P i )
0%+2aq. White, yellow, red. ‘ Dull. 225115 Mass,
5;%;-}1"0 Conchoidal. {Resinous, 2.-2523 - Masa,

G:een, yellow, white. f
[
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C. Infusible or fusible above 6.
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II. MINERALS WI

O.—Infusible or fusible above &

Division

Jelatinize with hydrochloric

the separation of sihoa.

) B. B. in the clored tube give no water or but traces.

B. B. In tho cloeed tube give water,

General Characters.

by
acid without
Loses on ignition 12-13
cent. water,

like the preced-
ing, but give only a little
water in closed tube.

Bpecific Characters,

; varies in color from white
; structure massive or

fibrous and foliated. Ordinarily
green, compact, and has a dull
lustre. ILletinalite is a variety with a
inous lustre; pwreellophite is soft, white,
dull and earthy; Owwenite is hard,
pact and apple-green; bastite is
with a bronzy lustre ; marmolite is
liated and pearly ; picrolite is columnar
coarsely fibrous ; ¢hrysotile is fine fibrous.

with flexible but not
laminse.

site.  p. 95.

Bpe

Crystalline foliated.

ery soft, with a soapy-feel.

Pearly lustre ; perfect cleavage in one direc-
tion.

Monrac
(Pyr
Neolite

SEYBE

by
acid with the formation of
jelly.

\V illemite.

Decompos»d by hydroch
acid with separation of gela-
tinous silica.

B. B. swells up and often glows with a bright
light ; strongly heated becowmes grayish-
green.

Gadolir

With salt of phosphoras gives the fluorin
reaction.

Fusible in very thin splinters; does
swell.

Infusible.

v

After precipitation of the iron by ammonia,
gives a precipitate with oxalate of ammo-

nia (lime Fusibility =3.
p-

I
Perfect cleavage in one direction.

{3~ Compare Monradite, Neolite, and Sey-
bertite above.

D(-compnqed without forming a
jelly.

|Gcnernlly crystallizes in trapezohedrons.

Drvisiox 6,
Not belonging to the foregoing divisiona.

a) Hardness under 7.

l\ﬂgeous; folixe elastic. Give

little or no water in the
closed tube. Soft. H=1.-2.5.

Gives little water in closed tube,
(not always foliated); has a
greasy feel. Soft.

Decomposed by strong sulphuric acid
axial angle not exceeding 5°).

Not decomposed by strong sulphuric acid
(optic axial angle 44“—48").

Like muscovite (optnc “axial angle 109°-
128°),

Decomposed by sulphuric acid (opt.m “axial
angle 3°-20°, zarely less than 5°),

Decomposed by sulphuric acid (optic charac-
ters like wnscovite),

Like muscovite; when decomposed by rnda.
the hydrochloric solution gives a precipi-
tate with sulphuric acid (bnryta).

Montic

Forste

M ARG

-

PLlog:

Mane
DI

Ocllact

Talc.

|\\'hen folnted the foliie are not elastic.




(ETALLIC LUSTRE.

04

| ! .
Composltion. Color, c{_,mm“ Lustre, l:";;“: | Sp. Gr. "U"‘l‘:‘n"
P ! — ! —
)'-+2aq, with al . . ‘ Only
White, gray. ‘
| amount of Fe, le e ! greasy, f°}"1d
froquently col  soiecoacn. son, TOUSh- pearly, res-2.5-5.52.5—2.65| in
green by iron o4 a;g blu(,:k ’ inous, ailky, peeudo-
:1, or chromium. and earthy. morphs.
|
|
2.5 2.7 IIIL.
G. 3.27 Grapular
1.—%_ 257 |Fibrous.
Foliated. . 4, —5. :3 —3.1 IV,
Be,Fe)'Si0". to Vitreous  [6.5—7. 4—45 [IV.
o', yellow, ~ |Vitreous res- 6.5 !3 2 v
inous, i - )
Fe)Sit0M, hite. - Resinous. 5.6—6. |3. II.
R M ) !
,"8i0%, Vitreous. 7. }3.3—3.5 [v.
o N o
) Si04, White-gray. Vitreous. 5.—5.5 3.-3.2 1V,
Vitreous. 6.—7. 3.233 1V.
— 1
|
Vitreous. 3.9 if:!.4 [
Mg) . Foliated. 25 I;— N
Qo Foliated. |2.5 3. Iv.
- - ! - ——m o ————
50+ - IO, Foliated. 3.5--4.32.49 v
AISiO, Folated. 2.5 28 v,
N ! - |
SO bag) Foliated. 2.5 l-z.s v,
M) AISI0, gray. Foliasted.  Pearly. iz.u 1
L apple to dnrk-ii"olintcd - '
5i'0", green. .compnct’. IPcnrly. 1. 2.7 ,ilV.
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II. MINERALS W

C.—Infusmble or fusible above 8.

DivistoN 6. —{Continued,)

Not belonging ty the foreqoing divisions.

@j~-{ Continnal,) Hardness under 7.

Bpecific Characters.

B. B. whitens and fuses on edges to a gray-Ri
__yp_llow (_emxyxe].

Becomes bLlack and magnetic. Pn

Micaceous, the folim usually Occurs with short fibrous structure ; can be

not elastic. Give much water - S h .
in the closed tube. Decom- _d¢composed by hydrochloric acid. _

posed by sulphuric acid.  |Like ripidolite. Le

Like ripidolite. Often gives reactions for|py
chromium.

l-Iasily distinguished by its bardness. Cn

=

With salt of phosphorus give ...J' Sce wolchonakuite, Div. 5, p. 93, and
an emerald-green bead. chromite, Div. 3, p. 71.

With soda on coal reduced to'1q hiyh specific gravity is very noticeable. |Ca
metallic tin. I

{Moistened with sulphnnc acid colors the “
I ﬂume green (boric acid). &

Fused with carbonate of soda

or with bisnlphate of potash, Prismatic cleavage. Ru
dissolved in hydrochloric acid: _ —
and boiled with tin, the solu-'() ¢ hedral cleavage. lOe

tion boumua violet (titanic
ucid). § §"Compare Schedlite,! N
p. 87.

o cleavage. ‘Dn
e (,om]ure prmpcl.lh Div. 3, p. » T T
lhe residue from the rolution in water dis-,
zolved in HCI colors turmerice paper orangne- 13

vnlow (ﬂnoma) B B s\\(lls s up.

Fused with carbonate of smln,l

dissolved in  hydrochlorie - 712 VAIRC I
acid, and boiled with tin, the 3 3 unchanged. Eu
solution hecomes violet (ti-I _
tanic acid). -

Gives water in the natrass. .E\Io_&lly soluble in caustic p()t:xs;e: hydrated
With soda fuses with effer-  silica is precipitated by addition of sufli- Qp
veseenes to a clear glass, K .- ‘ut ¢ hlumlq- of .l.nmonn m.

i

Moistened with sulphuric acid
culors the flame light-green,

"~ Compare Luzultfe, . 90, |

\\¥ lth phaosphorus salt gives 1n l)t‘LOIn]m\(t] by nitric ne ul I aving a ye Hlow
0. I. a eolorless boad, which:  residue of lllll"\tl(: acid, which ix solubleiSel
ink l: . or better with tin, in ‘“‘"I",“,
oa  charcoal, becomes  blue!
(when cold:.

I)lthuxltl_) soluble in phosphorus \'ﬂb to a!
colorless glass.

\n]uh]c in alkalies; not atfected by nitriel,,
i . ixon Tu
| acid ; occurs in solt (.-:ul.h) niAsses,

\];::'Tl‘:;:) :;m:lﬂ“ ¥ much water \ulul-lc in nulphum, ac ul ]Be:
‘ ~ Compare Kaolinits. Div. 1. p. &0
( h avable in two directions at 935 the elea- -
1 vage surfaces show pearly Justre, Ex
: Jaaable in two direetions, 121, faintér, A
'ojustre the wn ¢ n~t.lmv
’ )

Cleavable.

Much like on char .1 n- Ads al

Inawnet’e mass,

¢~ Cowpare (,/uldumlc. Div.d, p. 95, and - 0 T " :
Orthockuss and Lyddophane, Div. 6, p. 83, Also Stgadldte, p, 96, '

]

|
1=
i
i
R




JTALLIC LUSTRE. . us
Composition. ; Culor. ! cll_‘;’:l":l"‘ff"" i Lustre. }l‘l:‘:x:l- | sp.or. 'v';t";:l’.l‘
; i o T
510, daq. 'Shades of green to Foliated. "Splendent, 2.0 2.7 V.
I red. © pearly. | i
e - = ) i o
Mg)'AI'Si*0%, Green-black. Foliated. i'l’t_'u'ly !l.—?. 2.7-29 IIL
ALFe SiI12  [Dark clive-green. l 1L.—2.5 2.89
White. Dasal. Pearly, 2.5 265 ITL
- ) ————
3i'0" +-4aq. Green, gray, red. 'Basal. Pearly. 12.5 2.7 111
_ . !
1)l Fe)Sin* | . L . .
Sl FejSios+ Gray, green. black. iBﬂsal. Vitreous. { —6. 3.3—3.6 V.?
- - | I
Brown-black. ' Adamantme |5 5 g0 oy gy
o l and dull._;
> +Mg*B*O*Y, [Brown-black. jl’rismntic. Sub-metallic. : I AR V. ¥
R(;:}.u ]l‘no\\n yellow.: ‘Prismatic. |Adamantine, [3.5 4.2 ar.
_ el — .
m::lt:;ck brown, acd. ‘Octahedral, [Adamautine. 3.5 T
——— e — — e — ——
l(ll’l;:(\\ red. brown. ! .«\d:uu:mtinc. 0 o—0. "3.0—4 2 l\'.
B _i IR D
FFe VLTS 1 ! 1
PLFe YOV Th Bk, | Resinous. 3. —i & Jrv.
!')"l‘x Cb O¥H’0. Brown-black. ' Brilliant. |b'i l-l 9 il\’
T - -
1!'h' Ce.0oFe,  Brown-red i Vitrcous. 5.5 lis i
' L T e T - ;T
) Colorless, milk-white.! - o= e . :
t yellow, broawn, rod : !‘ itreous. ih'_b") 2.-23  lAmarpl.
B B —l - '
Pro? Yellow, brown, red.  Prismatic. Resinous. 41—, 4.5 II.
) o vellow | o ) T
w l::f Lrown, yellow ‘. l\'itteous. 4.5—5. G. I1.
- ! | .
Yellow, Dull. ! "
0 - 2uq White, brown, red. Dull. 2.5
T -
W l‘);t':““ TAYe tYOO paomatic. . Metalloidal. 5.5 3.2 V.
=107, Treown, s reyvoneeen Prismatie. silky, :5.5 3.2 1V.
=i0! Brosn, gmroen, B 93, Metalloidal.  .5.—6. 2234 1V,

. 1
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MINERAL COAL.



96 II. MINERALS WITI
¢
'l ' Gemernl Characters, Specific Characters. Species
I~ Compare Cussiterite, Rutile, and opal which are very near 7 in hardness,
Dulverized and fused with bo- . Ouvarov
rax, colors the bead emerald- B. o?i. ‘b::lo:;:)ﬁr blackish green, but cools to (chrome
' green (Chromium), Bl 3 net).
l B. B., infusible and unaltered.|(Rock crystal, rose quartz amethyst, chalce-
; | With soda fuses, with effer-| dony, agate, jin.sper, flint, etc., are varieties Quartz.
) “ vescence to a clear glass| of quartz. 7'rédymite is a hexagonal form
2 § (when pure). of silica with a specific gravity of 2.2—2.3.
£ |l 3 : — 5-—-5.5 o 3
.cg‘ ~ 5|% H="7 Donot fuse toa clear Difficultly fusible. F. = 5--5.5. IoLITE
° ‘ T o[£ | glass with soda. Infusible. Staurolite
S 12 3|¢ — N——
E 1 D)2 B. B, becomes colorless, Fused with soda,
g 1e <S¢ and the fusion dissolved in hydrochloric|z pcox
- | Tty acid, the dilute acid solution colors turme- :
o | ; P H ric paper orange-yellow (zirconia).
2 € 3% B. B. becomes milk white. Hexagonal prisms, Bery
LI < = ~ . D, 3
-‘5 I £ 3 , = [H="15. with basal cleavage. ) L
g '& 5! B. B. becomes milk white, Monoclinic
.ai ' § : prisms, with right-angled cleavage. Fuclase.
) e B. B. unchanged. Hexagonal prisms and .
o, | ' pyramids, o basal cleavage. Phenacite.
i ! n=x. Gives with salt of(B. B. the -yélldi&' varieties become rose-red,
| phosphiorus in open tube the| crystallizes in prisms with perfect basal|Toraz.
| fluorine reaction. cleavage.
I With roda and borax on charcoal gives a GARNITE!
H = 7.5—8. Occurs generally| coating of oxide of zinc. spinel).
in octahedrons. ] i
Soluble when pulverized in a bead of salt of Spinel.
phosphorus. - -~
! H = 10. Characterized by its hardness. Diamond.
MINER:

&W" The tative hydrocarbons are, for the most part, mixtures more analogous to rocks than true mincral species, and no attempt

Generul Characters.

8pecific Characters.

Variety

Does not take fire in a lamp
flame.

In closed tube yields a little water, and very
little tarry product.

B. B. burns with a feeble flame without
fusing, leaving little ash; boiled with
potash solution gives to it no color.

Anthracit

Take fire in a lamp flame, and
burn witha deep yellow flame,
giving an empyreumatic odor.
B. B. in glass tube give drops
of tar or oil. Air dried Brown
cond (Liignite) contains fre-
quently from 13 to 20 p. c.,or|
more of water. which it loses
when dried at 110° C.

i

Imparts but little color to potash solution.
The powder hoiled with ether imparts to
it scarcely any color.

Imparts little color to potash solution. The
powder boiled with ether imparta to it
awine or brown-red color; very fusi-
ble ; flows in the flame of a candle like wax.

Bitumino
coal.

Asphaltur

lImparts to potash solution a brown color.

Brown cc




IETALLIC LUSTRE. 96
' ! N
Composition. Color. | c;-?:a‘:tﬁem“ Lustre, nn.e‘:. Sp. Gr. |Cryts‘l:'lll.in
' * M
|
I |
Si'0, Emerald Green. Vitreous. |7.5 3.5 L
Colorless, white, '
smoky, yellow, red, Conchoidal. |Vitreous. |7. 2.6 JIL
ahd all colors. |
e X1*Si*0'8, Blue. Vitreous. 7. 12.6 IV,
. Fe)*x18i%0%, Brown, red, black. Vlg:g::.-re- . l3.6 ;IV.
. Colorless, red-gray, Adamantine!7, 5
A brown. man oi .5 4.4—4.6 _II.
o Colorless, pink, blue- : Q! .
élsola' " yellow and green. | Vitreous. (7.5--8. ;2.6—2.7 IIL
2010 Mountain-green-blue, |, . . . - I B
AlSi*0, hite Prismatic. Vitreous. (7.5 13.1 V.
i _ white. N
Colorless, ye]low-red.l(Jonchoidnl. Vitreous. |7.5—8. ]3 JIILL
ev— S
ns Colorless, white, yel- byrs : ly = '
), F), low, blue, pink. Basal. i\ itreous. :8. iJ.u ll'V.
i |
| ! B
g)Nx1L, Fe)Ot Green, black, Conchoidal. |Vitreous. 7.5.—8.!4.4——4.9 T
_ | 1
"o Red, Llue, green, yel- . - : . '
-c ;_(.i\Ee)O‘. ih)“" brown and black. Conchoidal. V feous. |8. l“"—__4_l_ I__
jColorless to black. Octahedral. |Adamantine 10, 35—36¢ 1L
I.
t=-ify themhiere, other than to state a few facte in regar1 tn some varicties of minernl-coil as ziven by Von Kobell.
Composition, E Color. i Streak. Lustre. Hard- : 8p. Gr.
. | "t’l__
| I
| §s i
)—94 p. o. 'Bluck. Black. Brilliant, |2.—2.5 1.3—1.7
| ! s
. . | -' i !
:lf:uc residue oniBlack. Black. Resinous. 1. 2 13
| [ |
‘Brown-black. Brown. Resinous. 1.—18
N ' I |
ariable. |Brown-black. Brown. Dull - resin- i
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